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CHAPTER 1 INTRODUCTION 


1.1 General 


The uPD77230R Advanced Signal Processor (ASP) is a digital 
signal processor designed for both high speed and high accuracy. 
It can execute arithmetic operations with 32-bit floating-point 
data (8-bit exponent, 24-bit mantissa) or with 24-bit fixed-point 
data at a rate as fast as 150 ns/instruction. Its internal 
circuitry consists of a floating-point multiplier (32 bits x 32 
bits), a 55-bit floating-point ALU, 2K x 32 bits of instruction 
ROM, 1K x 32 bits of data ROM, and a pair of separately 
addressable data RAM blocks, each one 512 x 32 bits. Two 
operation modes are available: master, and slave, which are 
externally selected. With master mode specified, up to 8K x 32 
bits of external memory can be used, with up to 4K of that space 
usable for instruction memory. In slave mode, the uPD77/230R has 
a 16-bit I/O port under control of a host processor, and can also 
support up to 8K words of external memory. 


1.2 Features 


1) Arithmetic operation using 32-bit floating-point or 24- 
bit fixed-point data. 


* 32-bit floating-point multiplier (8-bit exponent, 24 
bit mantissa input, and 8-bit exponent, 47-bit 
mantissa output). 

* 55-bit floating-point ALU (can also perform 47-bit 
fixed point ALU functions). 

* 8 Working Registers, each 55 bits long. 

* 47-bit bidirectional barrel shifter. 


2) High-speed operation and effective data transfer. 


* Instruction cycle of 150 ns max. 

* Use of three-stage pipelining process. 

* Dedicated data busses for internal RAM, multiplier, 
and ALU. 


3) Architecture ideal for digital signal processing. 


* Two separately addressable data RAM blocks. 

* Data RAM pointers can perform ring count (modulo) 
operation. 

* Data ROM pointer can be incremented by 2**N, as well 
as Ordinary increment and decrement. 

* Both inputs to the multiplier can be loaded 
Simultaneously with an ALU operation (which has access 
to the previous multiplier result) and pointer 
modification. 


4) External interface may be used in a variety of system 
configurations. 


* Master/slave mode selectable. 


Figure 1-1. Master and slave mode functional pin groups. 
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b) Slave mode. 


1.3 Functional Blocks 


Figures 1-2 and 1-3 are the block diagrams of the uPD77230R. 
The internal circuitry can be broadly divided into the following 
Eunctional blocks: 


* Arithmetic operation processing section, including 


multiplier and ALU. 

Memory section, consisting of a data ROM and two 
separately addressable data RAM blocks. 

* Instruction ROM. 

* Parallel and serial I/O interface. 


& 


Table 1-1 lists the function of each block. 
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Table Il-l. Functional blocks of the uPD77230R. 


WEL ge K- aAi30)_ & ° = Se. Se 
FMPY | Floating-point 
| multiplier 
| | 
| 


| K | K register 
eee leer eee 





L | L register 
| M | M register 


TCE ee 


| ALU | Arithmetic and | 
| | logical unit | 
eee 
| EAU | Exponent | 
| arithmetic and | 
_———- 3 * 
| P | P register | 
tee er 
| Q | Q register | 
Leer eens eee ee ee 
| SAC | Shift and count | 
| BSHIFT | Barrel shifter | 
EER, SERS eT ee CR |e 
| SVR | Shift value | 
peri EGA eee: ee 
| WRO to WR7 | Working regis- | 
| PSWO | Processor status] 
| | word 0 | 
a a 
| PSW1 | Processor status | 
| | word l | 
5 Se ee RIEL een ae en cee eee ene Seen 
| WRTC | Working regis- | 
| | ter transfer | 
Dace eels a 5 CONE EOL. eo 


| 
| 
| 
| 
| 


| 
| 


_i|__ALU and EAU 


Multiplier for 32-bit | 
floating-point data (8-bit | 
exponent, 24-bit mantissa) | 
32 bits X 32 bits -> | 


Retains data input to FMPY | 


' Retains data input to FMPY | 


Retains multiplication | 


eu 


unction ot 
Performs arithmetic and | 
logical operations on | 
Performs arithmetic and | 
logical operations on 8-bit] 


exponent data. 
- Retains data input to ALU | 
oh.) eit | 


and EAU. (55_ 
Retains data input to ALU | 
5 <) Eee ee a 


_| and EAU (55 bi 


Detects shift value of | 


2 : 
Barrel shifter for mantissa| 


i egisters I 
Sets shift value | 


Retain arithmetic operation| 
results of ALU and EAU. 
Indicates arithmetic | 
Operation result status of | 

eae ee 0 
Indicates arithmetic | 
Operation result status of | 





Control format of transfer | 
to/from working registers | 


Table l-l1 cont'd. 


Data memories and associated circuits 


Abbreviation | Name Function 
| DATA ROM {| Data ROM | Stores fixed data (1K words | 
X 32 bits) 

| RP | ROM pointer | Indicates ‘current data | 

ROM address — 
| DATA RAM 0 | Data RAM 0 | Stores data (512 words xX | 
32 bits) | 
| BASE 0 | Base pointer 0 | Indicates current base | 
| address of data RAM 0 | 
| INDEX 0 | Index register | Indicates current index | 
| | 0 | address of data RAM QO | 
| DATA RAM 1 | Data RAM 1 | Stores data (512 words X | 
{ 32 bits) 
| BASE 1 | Base pointer 1 | Indicates current base | 
address of data RAM 1 | 
| INDEX 1 | Index register | Indicates current index | 
‘joi , | address of data RAM 1 __ | 
| ADD | Adder | Adder for base address and | 


_ ee ti“‘(‘é‘COidl:U index address 


Instruction ROM and associated circuits 
| Abbreviation | Name | Function _ eal 
| INSTRUCTION | Instruction ROM | Stores instructions (2K | 


[ ROM _ | | words X 32 bits) _ | 





| PC | Program counter | Indicates current address | 

| | | of instruction ROM 

| | | (13 bits) | 

: STACK [| s Stack [| Eight-level 13-bit stack | 
| Stack pointer | Indicates current address | 

: sdf SE stack 

| IR | Instruction {| Retains data output from | 

register [| instruction ROM > 

| DECODE | Instruction | Decodes instructions | 

| decoder. | _ | 





Table 1l-l cont'd. 


Parallel interface 


{Abb reviation | Name a ae Function 
Data port | In master mode, a 32-bit | 
| parallel data bus for | 
| extérnal memory | 


| In slave mode, consists of | 
| an 8-bit parallel data bus | 
| for external memory, a 16- | 
| bit parallel data bus for | 
| host I/O interfacing, read/| 
| write control signals from | 
| | 


| D 

| 

| 

| 

| 

| 

| 

| 

| 

| the host, and a general- 

| oe | | purpose parallel I/O port 
| Address port | In master mode, a 12-bit | 
| address bus for external | 
| instruction and data | 


| 

| 

| 

| | memory 

|. | In slave mode, a 12-bit | 
| 


| address bus for external | 
| data memory 
Data register | In master mode, a register | 
| for interfacing the DP with| 
the internal data bus | 
| In slave mode, a register | 
| for interfacing the DP (8- | 
| bit parallel data bus for | 
| external data memory) with | 


| 

| 

| 

| 

| 

| 

| | 
| | 
| | 
| | 
| | 
; a = the internal data bus 

| | Data register | In slave mode, a register | 
| | for slave | for interfacing the DP (16-} 
| | {| bit parallel data bus for | 
| | host I/O) with the internal! 
‘oo | a | data bus 

| 


AR | Address register| Indicates current address 


| 
| | | of external data memory nak: 
{| HOST R/W CNT | Host CPU read/ In slave mode, controls | 
| | 


| write control interfacing the uPD77230R 


| 
| | circuit | with a host CPU 
| 


R/W CNT | Read/write Controls read/write of | 


| | control circuit | external memory sete Gur call 


Table l-1 cont'd. 


Serial input/output interface 
| Abbreviation | Name | Function | | 


| so | Serial output . | Retains serial output data | 
data register 

| OSFT | Output shift | Serially outputs SO data | 
register 

| SOCNT | Serial output | Controls serial output | 

| | control circuit | | 

| SI | Serial input | Retains serial input data | 
data register a 

| ISFT | Input shift | Inputs serial data | 
register ait 

{| SICNT | Serial input | Controls serial input | 
control circuit — | 


Other control circuits 


| Abbreviation Name Function 

| CLK GEN | Clock generator | Generates internal system | 

fo tock and serial 1/0 clock | 

| INT CNT. | Interrupt | Controls externa | 
controller interrupts 

| TR | Temporary | General-purpose temporary | 
reqister | register (32 bits) | 

| Lc . | Loop counter | Controls the number of | 

| | | times a program will loop | 

| SR | Status register | Specifies or indicates | 


[| current mode of operation | 


1.4 Data Format 


The uPD77230R is capable of processing both fixed-point and 
floating-point data. 


1.4.1 Floating-point data format 


The data on the 32-bit internal data bus, and associated 32- — 
bit registers, consists of an 8-bit exponent in the highest 8 
bits, and a 24 bit mantissa in the lower 24 bits. The 55-bit 
processing unit bus and associated 55-bit registers (M, P, Q, 
WRO-WR7) contain data that consists of an 8-bit exponent in the 
highest 8 bits, and a 47-bit mantissa in the lower 47 bits. 


Both the exponent and mantissa are represented in two's 


complement notation, with their most significant bit being a sign 
bit. 


55 bit representation: 


Exponent (8 bits) Mantissa (47 bits) 


=p am aan Ce aan Gee Ga Gee aap Gt Gan GE GP G8 GED GD OM G8 GE GD GE GF GD GE OE GE GE GP 8 GE GD © GP GEE Ge GE GE GE BS OF OD GE GP Gb GF a GD GF GE GD GS Ge GD GH as a8 an Ge Go GS a8 GS a ee a 


Both exponent and mantissa are two's complement 


32 bit representation: 


Exponent (8 bits) Mantissa (24 bits) 


Both exponent and mantissa are two's complement 


Figure 1-4. Floating point data formats. 


1-10 


Leet 


Internal 32-bit floating point data format. 


eae Ge GD GE Ot ONO OED Cae EEF AF SE Gre OEP OF OF Om Ore Cre ce One 08D FD ED GP OD ED ED ED OD OD GP OF GD GP EP ED GF GP EP OP OF OF GF OP GF OF OF © © OF OD 0 0 0 OF 8 en om 0 oe Ont OD oe on On On on EP 08 om 08 Om OF Ost Ont OP OF OP OF © &® OD OD OF Om OF OF OF & 08 © © @ @ & OF te OF OS  & 8 


Binary representation . 


Max. positive value 
3 


g 
Min. positive value 


Max. negative value 
3 


3 
Min. negative value 


an DO > Om OF OF OD OP OF ED O@ OD OD OP FF GD CF OF OF @® & & CF OD & oD 


Decimal representation 


an Ge) Ge 2 Ont CP a OF oe OF a> an OF Gf GP GD of OF GF OF 28 & Gs = an SP GD GS EP GD OD EP GP SD SP GD SP EP G8 OD GS SE OP OE OO OS @ SS SS @ @ &S & 


| Hexadecimal 

| representation 

| orem nnn ae ee 
| Exponent | Mantissa 
[---------- | --3n ee n-- 
| 7F | 7FPFFF 

| 7F 7FFFFE 

| 3 

| 3 

| -~~~-~---~~~-~.--- ~~~ 
| 60 } 400000 

| --~-+---~--. ++ oe 
[ 3 

| t 

| ---~------~~-----~------~---- 
| 80 ! 00000] 

| om om ow we on aoe are wn en ce fh ee wae 0 coe eae me oe es ms te oe es 
| 80 000000 

| ---~------- |-~------------- 
| 80 | PPPFPF 

| ----~--------------------- 
| 3 

| 3 

| ----------------------~--- 
| 60 } Co00000 

| 20 GD GE EP OP OF OP OP OD EP OF OS GF O® O* GP OF OD GP OD & O&O OF a wD 
i 3 

i 3 

| -------~------------------ 
| 7F | 800001 
|-----~---- |--------------- 
{ 7F { 800000 


(-1.0+272)x26 = -32 


<= Get Ge GP GF Gh Et > OP OS OD GD GP GD GP GP OD OF GP E> GP ON GD OF 8 OD C8 OO & ww 


> ae GP ab Gr GP GP an ae a ee ae Ee Ee Oe em Gt Oe Ee FF OF OF OB OF OF OF OF > OF OF OD OF Cm Om OE OF Om Om Be OEP Om OD OF Ont Ft EP OD Cm OF OD OE OF OP OE BF OD OD OF OD re OF OD EP EF EP OP EF OF OM OR OF Cnt Om Se ae OO > OF OF OF OD OF OF OO OOO OW we =~ am ew ow ow @ = 


—— = quae GEEP Gu GEE eu GED GOP GP GP em EEE ce GE ew GBP C8 ae GED ae Ge a OR Ge EP es em eee a om ae oe 


ee A nw | 


Table 1-3. Internal 55-bit floating point data format. 


50 AO GD RO Rs GD EN OED NE ED GD SP NS AD OER SF SF SEP C8 Oe Wh SS BHS EE OED EE EF OD OD EHD 6 ED CWP GMP Ee GD CRD ED GD EBD CHE ED GD BS GD AE AD Gad GND tld Ce mt ae END Mew eed EEN EF Ee EE En eee EAE EE ED AED ND GD GD CONF AES Et ER AA A GEA QD EP GD DO ER® GBP GES GND GE GF OD CH GD GP SE GH GP GE SD Gt GP SO GP ame SP Ge Om? Ge om = aw» 


Binary representation Hexadecimal | Decimal representation 
representation 
Exponent Mantissa Exponent Mantissa 


GS Gs GED OD EES OD GE GP GS SD GA GE GS GP GD On G ae ss aw GF ap G8 am Cb as a Gn G2 Ge @e > CD CES CD GED HD GD Gwe GH Ge OD GS GF GP Ge aE > 6 ie Ge a On GH Ob ae Ge i> Gem ett Gat die he ane Ge 6 Oe Ge ee a On an 


Max. positive value 
3 > cup Ge aus Ge @ om a OF om 


ae Ges ae Ge Ot nd Ge Re en OD ERS MED ED GED GIES GS GED GHD HEE) CD OED END ED END GND GUE CED ED ED em we 


> Ge Gb @2 an Gm Ge GD ee Be Gm EF OD OF Oo a o> Gp aes GNP ane am Gt Os GH oD ee Ge Gen ee eh ee Ee GE GR) OD Ge Ee ae a CD CAR) ENE GRP GED GD ED GP AND GND GEE Ee GD GED Gb AE ED GM > ED OF Che CD Ge OO OM ED OF Ge OH ew 


SD Ot GP UNO OF OS ED OF OF GP OD GD GF GD GF OF GD OE GH GF GP OF OD OP GF an a OI GD Cte Gem GEE EO EEF GF Gt Get GE OD GH Or UD at Gh GE OD OP Ob Gf an en am Sb ED OS OP EE OD ew Ge Sm GP EE ED OP GD OD OD OD GP OF OF OF OD Oe OF OD Oe OP on oe 


en ee to GD ek GF) OS GE 8 CHE i Ge G8 GEE oe G8 8 Ge Oe Oe ee eo oF oe > en Ge anne ee Gy Gd GED ts Ge Gs ee Oe 2m Gm we Gee Of GO GS OF EF ah an Gn ae ae ah Sen GS GD OE Cat Gm Gee em cme ene GD Ee Oe Sw OR GD Ee OP GH GP Ce GH Ge OD we OE On 


NP Sie OD GP > Gap GE8 GP GP GD ED GED ED GY GE OD GF EP GF OH GO CD EE OD a De ee ORE GD Geb GND GND GP Gee SP GH Gr OP Ga GP Bt O ans Gt = GP OD Um ant ow Om RP SP A OP GH SD GP Om GS OE HP OD OD UN GE OD DP GP 68 OS GP OD © OD OD OF OF OO OT aN ae 


> GS GD OE EP 8 OE 8 C8 ED Gt Gm Get EE GEE OE ES EE OE 200 ED OP OD Om 0 OF GD GR GE ee ee 


Min. positive value 


2 S65 4Re 688 GC OE EP GF GF EP EP OD GP GD OF OD GF 4D OF tt a ED ie PD EP EY GaP Cs Bam |x mess “a 02 «he Gre 1 He ae oe Gee Ge Ge ee 2 ee ee ee <p Gen ae Gn Ont Gnd Gm Ee Gne Ge 


> Ge Gn OD OD GP OD OD OF CP ED EP OD CD OF OF OE aD a > Ga Gr C5) Ge GD GP oD OF aE > Gn Gh Gh at GF Gt OF ae an GF OO Gh Om een =e a an an on em GF a On ae 


Max. negative value 
F Re ce age ren peer er te fe ep ee 


OE CR EP GND GHD ND THN GD GE END 40m EP CUD Goes GED ED ane En ED ND De Oe Om EP ED OP OF 8 EF OD > EE GF ED GN EE GF GE 8 OD GP GD OD OF OD UP OF GY OP OP OD GD a 


> GER GO) GED GENE CD GP GED CHP GEE OE GE O8® EP GE EH Gm Gt GP GP GOP GY OF oe UN aD SUP GD OID EEE GRD GES OES GR AE ERD END GND G88 OED TE ED ORD BD GD GD Gn Ste Ge Ge EE Cah GD Oh ame 


eee Gt eee GD mm GP GED ON 48D GEE GR OC GD > Gee GES GE Oe OF OP Ee ED Ee en a aD > CUD ORD Gan GED GP GHO GEE Ete GD Gee ED Ge HO EF8 GH OD CEE GER EP OO GF at Ge OF ED > AD GP ED GN ED GD GE GE OS GE GD. GND ES GE GD SE GED. GED GS. GE. GS GS a GE Os GH a a ee 


a) GD GN ORee Eee Gn Got GED Gee Che GHD COND Git Re Cre Ge GD OED GP > Cw ED a am mE ae CD Cake GP GRD GE NA GRD CS G88 GS Ge Gee GD GE GD OD 68 GD Gee GND GED G8 GP En Gs Gh GE GP Gh ae a 


SP E> SE GD OE GD ED GE ED ED GD) EP GD GE GH0 GY GE GD OM GF EE OP 8 HF GE OF OP OF GF OH 


ARP ND GED GED EP GSS GED AP GED EE GED GED GRP CIEE EEO GED GED NE OEE ED ED EUS SEP ED ED ED ED GBP OR ED OD EP AE OS EF EE ED EP OE GED GD GE NEE END Gat CA Sh ED GAN Ge NN ETE A EEE ED CON END EN GEN ERE EOE CED GHD GHD GO GED GOD GED Bet GAS) Gs Ge GS Ge) GED See ED Cow EP GMP Shed UEP GRD Eid Et GUD GD Ghd GED EHD GED GE G8) 2 GH & Ce) ED EP On OD ED OF OS on OP 


1.4.2 Fixed-point data format 


The data on the 32-bit internal data bus, and associated 32- 
bit registers, consists of a 24 bit mantissa in the lower 24 
bits, with the 8 MSBs unused. The 55-bit Processing Unit bus and 
associated 55-bit registers (M, P, Qe WRO-WR7) contain data that 
consists of a 47-bit mantissa in the lower 47 bits, with the 
upper 8 bits unused. 

The mantissa is represented in two's complement notation, 
with the most significant bit being a sign bit. 


47 bit representation: 


Unused (8 bits) Mantissa as bits) 


| | Sign + 46 bits | 


ae Ge CD GD GF © OS Ce Cm EP GED GP OP GD GEE ERT GP GE OP OF OF OF GP OD OF GE OE CF OD GE OD GO OD GF GE OF OF GF GP GP GD OF © GF @S OF OD OF OF © 68 © OF OD OD @® GP OF OF Fe OF a on am a 


Mantissa is two's complement. 


24 bit representation: 


Unused (8 bits) Mantissa (24 bits) 


ee Ge OP GE GE Ge OP GD GF 6 GP GP GD GE GP GP GP Gn apt Gs 8 GE GP GE GE GE GF GP Gt GFE GF GF GP GF GS OD GH Ge GS GE GE GP GP GE GF GE GP GO GF GE GP 6 GF GF a® GP GF E> GD GF a» Gs a an ap 


| Sign + 23 bits 


Mantissa is two's complement. 


Figure 1-5. Fixed point data formats. 
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Table 1-4. Internal 


24-bit fixed point data format. 


ON NP RO END ERD END! ED ie GED ED GN Gund Ge etee ate GED Ge GUD Gem Elkth GUD ERD AE ND GD ENS GD GED Gite GIED NE EP GED GED GF AD NE ED OD GEE GP A CE GD GEN OOF GE GE GRE GEE EEN GMP GAD ED ED RD ED Gil Gad RE EH) CR EE END QED EE SED GED ED GED OEE Come Cem 4808 EE Gah GOS EE) GD CED GEL. EP GH GED OE GP GND GE GP GH GH OD GS GP GD GP OD GO G2 OF OF OP Fs GD Oh GD 


2 em ems ee a ge am GH a GF GP 68 Ee GD Ge 2 oe Oe a ow oe 


Max. positive value | 


ee 66 fe 68 86 60 G6 G6 OF 06 
— 


Min. positive value 


OP OE OP OEP OH GR EE GH EO Gene Sem tb Oh Ee ee OR aD ae Ge nn En ee a OD a am Om 


ee Gs OEP Gem Ge eee Gp Gn Gm OP ODP 8 OD GP GP @ ae a EF Em eae Ot OF GP an & aD 


ea as ame Ge ae OD Ge GE Ee OP OP SO OD OF OF FOF OP ene Om a oF OF Om Oe 


me em ee et om ame Gee aon St Gn GD RP One® Gt 8 OE Gt Gn 8 GF ae On Om oe a oe 


oe om = oe 6 CP OF GF © ER ED OF GD GP OF GF OP GD OD OF ae 8m GP OH eb Om Ob 


om ame om Gee C8? Om OD Gm GY Gee OP Or One GEE 8 ED EEE EP OF Gn ae Ge En On an Om ae 


> ap ORD ee Oe om EP GD GD can ae em le am ee 


Hexadecimal 
‘representation 


RP Gh NE ONS GRD ONE OD EMD Gee GaP CD Gm EE ED Eee OE OD OF OO OF OH OF ow GO & a 
emp EP ee an oe ee an om ae om tee Gee ae ee ee Gh Gm ae a em Ee om as ee 
> un Gee ee See que we Gus ee ee 


i Gee OP EP Or Ge OS GP Ob GP OF am Gt am en 


ae Gan GEE Ge Cnt db CHF eek Ome Gs em ae Cem Ge GP ED ane OS Ge ED OD GF ET a aw a 


me Ge GHP > ep OFS Ge aun GE Ge eEP OE Oe OF a On OD OF OD &e @ Ge oe oe 


et Nt ee ERD eb GED OM Bub GNF Oe cee Gee One NS Om ween ee Om One OD GE oe ow om On GD 


ne Gp Ge ew aes Gee Gee ane Em Get a a> a) ee a ene a Ct Gh a a an & ae an 


Pe OE Ge Qn ae G= ee Ge at CF @r om ae aw 


1 OO PO ORD CED ERD ED END Cine Om) me Oe OR) OD Ot GD GF GE Gt ED Gt OS an EE ED am 


lp Gene GRO GRD RD EP RD GD aE Ge que Ee Ee GRD a) Gan Em aD Ga Ge Gm Om eee em cs a 


XD CD GED CD GD Ene) EF re Geet te is ee de ee Ee GE Goh GE Gee GES GES O88 8 Ce Om ane 


ne Gee Ghee PEEP OU) CD ED ED OEP OE OP ED EE OE OP OD OD GP OO ON OF OP Eo OF Oe GK oe om 


he Gam Gnd eames ame eee ape mS aE Ee cee eee Ge Ge Ge Gen GD Get Gm OS OD Os ee @ Ge om OF fw OF a oe 


DOE ED Ee SP GP Gt ED OE EE OD EP EE OD OP ED OP OD ED OS CP GF O88 GD OP OF EF EF OY OF 


(Stee Gane cies Gm GED GED Que Ee GD GP am an) GD GE GD GD Gd OP GD OD GF 4 OF OF OP OF OF OF GR an aE 


Se GES GP CRD GH RP CD GE GD BO GN Gb GEE OH GP O80 GH GP GP GE GE GE GP a GH am Ge ar Gn am am 


2 QE ND OD EP GP GED GRE ED ED GD GRD GED OE GE GRE OD E59 GE* GD GE GD GF OF Ge Gt G GF @* Em aH 


SP OD 8 OEP BP AP OE OE SEP GF EE BF OD GH GH GH Gee Ge Ct OR OM GD EE GF GF GE GH G4 GF GF 


eum Gree ante ee ere came OES OEP CEE) GED ED OEP ED OP OP Ot OD OF OF OF OF BE OF Oe Cm Om Om Ce RD Ce 8m ED ORF EF OF Oe EP OF OF RF EEF EF Crm FF BET GE GED OEP CHP Gt GE en EF Cen ND ED EO Gee Gee nd Er ee Ak EE GO GP ED OF OEE GEM GO ES EP ARS EEE EY GD EP ED Game ED SP ED GH GD EEO OE EP HD SE OEP GE UP EP OD GH GE EP am GO GE CH ane OP OE GP aw ae 


Stel 


SE GED CER GED IE Re a CEE Ge ques ee aie ase cma GED 


Table 1-5 e 


Internal 


47-bit fixed point data format. 


> Gh EF GP GF OD OF OF GP am ow @® OF a OF OF OD 4 OF OF Om GF Ge OF Gr &® mp Glee GED RD GP ED EP SS CD PD E> ED OF SP Cw OP OD EF GD OF CF GH GS CD OF OD OF OF OD OD = OF OF E> OD GD OF © OF OD OF OD @® OF OF OF O® © BF OO EF GF OH OF GO EP GP OP OY 8 OD OD CP OF EE 68 © © CF OP OS © @F OE O&O O&O OD WH @ ow 


Max. positive value 
3 


3 
Min. positive value 


Max. negative value 
: 


2 
Min. negative value 


| Binary representation 
at ae. 
a 
a 
sinter 
3 
peas re eanas 7 ) 
caanan mcbannanae 
3 
ae ee 
ae ha cy eee 
pe ae 
ann Resentoan 
3 
mapa a eT 
penance ttc 
3 
mh mer T Rees 
meena eT eeen Ts 


Hexadecimal] 
representation 
Gee Vinca 
Of aeeecerireL 
aa Chee 
en iiss 
ama aa ar rrr ras 
eee maces 
3 
mae er a 
oeas en aGa DOE OUEODE 
ese eeee 
ET 
3 
> a a equgonoNgung: 
snicasisnnemnnmreneens 
3 
ame er a 
. 


> ae 680 OD OP OP GF GP OF BP OF GP EF &P ED &P GP OF & FP OD Gm GP OF FD OF OP O Ge & a 


om Ow Ob GP OP GH * CP OP GP GP & OF OD > @F OD OF © OF @® OP © OF OD OF OF OF awe 


Se Sw EP CP OP OFF OF GP EP OW OF EG OP GD ED OD O OF ED OD OD OF & OD OF OF > & ww oe an 


o> ee ame a Sew Gee Oe eee ED GED OO Om Ge Om a a Ot C8 Om OF Om om Oo & OF a om ow = 


CHAPTER 2 PIN FUNCTIONS 


The uPD77230R is housed in a 68-pin grid array package, as 
shown in Figure 2-1. Pin assignments are listed in Table 2-l, 
and functional descriptions of each pin are given in Tables 2-2 
thru 2-4. 


INDEX PIN 





1 Pin INDEX MARK 


Figure 2-1. 68-pin grid array package (top view). 


Table 2 


PIN # MASTER SLAVE PIN # | MASTER SLAVE 

| 1 DO i | 35 D2 | 
| 2 | Al 1 | 36 | Dl | 
| 3 | A3 lI 37 | AO | 
| 4 | A5 | | 38 | A2 { 
| 5 A6é [| 39 -| A4 [ 
| 6 | A8 LI 40 | Vdd | 
| 7 | Al0 1 | 41 | A7 | 
| 8. | Ax | | 42 | A9 | 
| 9 | WR/ lI 43 | All | 
| 10-— | RD/ [| 44 | GND | 
| 11 | SORQ | | 45 | SO | 
| 12 | SOCK | | 46 | SICK | 
| 13. | SOEN/ [| 47 | SIEN/ | 
| 14 «| INT/ | | 48 | NC (No Connect) | 
| 15 | INTM/ {| 49 | RESET/ | 
| 16 | .(M/)/S lI 50 SI | 
| 17_— | CLKOUT | | 51 | X2 | 
| 18 | X1 [| 52 | Vdd | 
| 19 | D31_—Csis| P3. Oo J 53 D30-—Ss'| P2 | 
| 20 | D29— | Pl |i 54 | D28 si PO | 
| 21 | D27 | - ROM |] 55 | D26_ | Ccs/__| 
| 22 | D25 | HWR/ || 56 | GND l 
| 23 | D24 | HRD/ || 57 | »vd23 | 1/0 15 | 
| 24 | D22 | 1/0 14 |] 58 | D21 | I/O 13 | 
| 25 | D20 | I/O 12 || 59 | D19 | I/O ll | 
| 26 | p18 | 1/0 10 || 60 vdd 

| 27.— | D17 +=%| Ifo 9 jl 61 | Dl5 | I/O 7 |. 
| 28 | Dl6é.s 6]: Ifo 8 |i] 62 | Dl3 «6©| I/o5 | 
| 29 =| Dl4 | Ifo 6 |i 63 | Dll | tI/03 | 
| 30 «(| Dl12 | 1/o 4 || 64 | D9 [| 1/o 1 | 
| 31 = DlO | I/o 2 ji 65 | D7 | 
| 32 «| D8 [I1/o 0 || 66 | D5 | 
| 33—C| D6 LI 67 =| D3 | 
| 34 | D4_ tI 68 | GND _ | 


-l. uPD77230R pin assignments. 


| INDEX PIN | 
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FUNCTIONAL PIN DESCRIPTIONS 


Table 2-2. Pin functions shared by master and slave modes. 


* POWER SUPPLY 


NAME + I/O FUNCTION 
| Vdd {| 40 | - | +5V power supply pins. All 
{ | 52 | | of these pins must be connected. | 
60 | 
{| GND {| 44 | - | Ground pins. All of these 
| | 56 | | pins must be connected. | 


| | 68 | | 


* MODE SETTING 


NAME $ I/O FUNCTION 
| (M/)/S | 16 | Input | Selects the operation mode. The | 
| | | | operation mode must not be switched | 
| | | | during operation, however. | 
| | | O: Master mode | | 
| | | | 1: Slave mode 

* CLOCK 
NAME $ I/O FUNCTION | 
| Xl | 18 | Input | A crystal oscillator is connected | 
X2 | 51 | | across these pins. External clock | 
should be input via the Xl pin. | 
CLKOUT 17 Output | Outputs internal system clock of 


| | | | 
| | | {| uPD77230R. The output signal | 
| | | | frequency is half the oscillation | 
| | | | frequency of the crystal connected | 


jj ehT lds tcrross the X1 and X2 pins. 


* RESET/INTERRUPT 


|. NAME | # | I/O | FUNCTION at 

| RESET/ | 49 | Input | Inputs internal system reset signal | 

| which is active-low and must be at | 

ee | least 3 system clock pulses wide. _ | 
Input | Inputs non-maskable interrupt signal | 
| which is active-low and must be at | 
| least 3 system clock pulses wide. | 
| 

| | 


14 


The interrupt signal is detected at 
the falling edge. The interrupt 
| | | address is 10H. 


Table 2-2 cont'd. 


O FUNCTION 

ut | Inputs maskable interrupt Signal | 
| which is active-low and muSt be at | 
| least 3 system clock pulses wide. | 
| The interrupt signal is detected at | 
| the falling edge. The interrupt | 
| | | | address is 100H. | 


* SERIAL INTERFACE 


|. NAME | #f{ 1/0 | FUNCTION 

SOCK 12 I/O Inputs or outputs clock for serial 
output data. The serial output data 
is synchronized with the clock that 
is input to or output from this pin. 


Whether the clock is to be input 

from an external source or the 

internal clock is to be output is 

determined by the setesng of the 

| | | | status register. | 

Output | Outputs serial output request signal | 
| which is active-high. When data is | 
| ready in the serial output register, | 
| this signal becomes 1]. It will | 
| become 0 after the data has been | 

output. 
| SOEN/ | 13 | Input | Enables the SOpinto output serial | 
data. This pin is active-low. 


| | 
| | 
| | 
| | 
| | 
| 
| | 
| | 
| | 


| 
| 
| 
| 
| 


| SO | 45 | Output] Outputs serial data synchronized | 
| | | (Tri- | with the rising edge of the SOCK | 
____| State) | pin. | 

SICK 46 I/O Inputs or outputs the clock for 


| | 
| serial input data. -The serial data | 
| is internally latched at the falling | 
| edge of the clock that is input to 

| or output from this pin. 

| Whether the clock is to be input 

| from an external source or the 

| internal clock is to be output is 

| 


| 
| 
| 
: 
determined by the setting of the | 
) | | | status register. | 
SIEN/ | 47 | Input | Enables the SI pin to input serial | 
data. This pin is_active-low. eit 

SI | 50 | Input | Inputs serial data synchronized with | 

| | | | the falling edge of the SICK pin. | 


Tabie 2-3. 


* EXTERNAL MEMORY INTERFACE 


l: Low-speed memor 


RD/ 


AO to 


All 


DO to 
D31 


$ 
9 


10 


$% 


I/O 


FUNCTION 
Output] Controls data write to external 


memory. 


This signal becomes 0 after 
| the output address is valid and 
| data is output to the data port 


| | | | formed by pins DO to D3l. 


Pin functions available only in master mode. 


Output] Controls data read from external 


memory. 


This signal becomes 0 after 


the output address is valid, and 


data is input at the rising edge to 


the data port formed by pins DO to 


D31. 


Output] Outputs the highest bit of the 


Output 


I/O 
(Tri- 


memory address. 


When accessing 


external instruction memory, the 
highest bit of the program counter 
(PC12) is output to this pin. 


When accessing external data memory, 


the highest bit of the external 
address register is output to this 


pin. 


0: High-speed memory area. 


area. 


Address bus for access to external 


memory. 


When accessing external instruction 


memory, the lower 12 bits of the 


program counter are output to these 


pins. 


When accessing external data memory, 


the lower 12 bits of the external 


address register are output to these 


ins. 


| Data bus. 
| data bus for external memory (data 


| | | State) | or instruction). | 


These pins form a 32-bit 


$% Refer to Table 2-1 for pin numbers. 


| 
| 
eee | 


Table 2-4. Pin functions available only in slave mode. 


* HOST CPU INTERFACE 


O FUNCTION 

ut | Active-low chip select input signal. | 
| When this pin becomes 0, | 
| the host CPU may perform read/write | 
| operations on the 16-bit port formed | 
| | | | by pins I/O 0 through I/O 15. | 
| Input | Active-low host write input signal. | 
| | In conjunction with CS/, this signal | 
| | allows the host CPU to write data | 
| | into the DRS register via the 16-bit | 
| | | | port formed by pins I/0 0 to I/O 15. | 
HRD/ | Active-low host read input signal. | 
| In conjunction with CS/, this signal | 
| allows the host CPU to read data | 
| from the DRS register via the 16-bit | 


| | | | port formed by pins I/O 0 to I/O 15. | 


I/O 0 to| %8% I/O These pins form the I/O port to the 
I/O 15 | (Tri- | host CPU bidirectional data bus. It 
State)|] is used for input to or output from 


| 
| | 
| | 
| the DRS register under the control | 
| of the host CPU signals CS/, HWR/, | 
| and HRD/. | 
| The data transfer format can be | 
| specified in the status register as_ | 
| | 


| 
| 
| 
| 
| 
| 
! 
| either a 16-bit or a 32-bit 


| | ___| transfer. | 

| RQM | 21 | Output| Requests the host CPU to read or | 

| | | | write data via the host CPU data | 
bus. 


* EXTERNAL DATA MEMORY INTERFACE 
NAME 1/0 
| 9 
| 
| 
| 


FUNCTION 
| | Output| Controls data write to external | 
| | memory. This signal becomes 0 after | 
| | | the output address is valid and © | 
| | | data is output to the data port | 
| | __| formed by pins DO to D7. | 
| RD/ | Output] Controls data read from external | 
| | | memory. This signal becomes 0 after | 
| | | the output address is valid, and | 
| | | data is input at the rising edge to | 
| | | the data port formed by pins DO to | 


| | | | D7. 





Table 2-4 cont'd. 





I/O FUNCTION 

Output| When accessing external data memory, | 
| the highest bit of the external | 
| address register is output to this | 
| pin. | 
| O: High-speed memory area. | 

l: Low-speed memory area. 

Output| Address bus for accessing external | 
| memory. | 
| When accessing external data memory, | 
| the lower 12 bits of the external | 
{| address register are output to these | 

ins. } 

| | Data bus. These pins form an 88-bit | 

| | data bus for external data memory | 

| State)| access. Data may be transferred in | 
| | 

| | 


one of four formats (l-, 2-, 3-, or | 
4-byte words), depending on the 


| | 
| | | setting of the status register. | 


* GENERAL PURPOSE I/O PORT 


[| NAME [| # | I/O | FUNCTION | mi 
| PO,P1l | 54,| Input | These pins form a general-purpose | 
| | input port. The status of either of | 
| these pins may be tested by a 
_conditional branch instruction. | 

| Output] These pins form a general-purpose | - 
| | output port. The data output by | 
| | these pins can be set directly by an | 
| | instruction and will be retained | 


| | until explicitly changed. 


%% Refer to Table 2-1 for pin numbers. 
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CHAPTER 3 HARDWARE ARCHITECTURE 


This chapter describes the operation and function of each 
functional block of the uPD77230R. 


3.1 Instruction ROM and associated circuits. 


The uPD77230R has an internal instruction ROM which consists 
of 2K 32-bit words. ._In master mode, instruction memory can be 
expanded by the addition of an external 4K 32-bit words. Figure 
3-1 shows the internal instruction ROM and its associated 
circuits. | 


3.1.1 Instruction ROM. 


The instruction ROM, which stores the microprogram of the 
uPD77230R, has a capacity of 2K words by 32 bits. The current 
address of the instruction ROM is indicated by the program 
counter (PC). Each instruction is stored in the instruction 
register (IR) prior to decoding by the decoder. 


3.1.2 Program counter (PC). 


The program counter consists of a 13-bit register that 
indicates the current address of the instruction ROM, and a 
counter that increments the lower 12 bits of that address. The 
highest bit of the PC, PC12, indicates whether the memory to be 
accessed is the internal instruction ROM or external instruction 
ROM. When PC1l2 is 0, internal memory is accessed, while PC12 = l 
is used for access to external memory. 


3.1.3 Stack and stack pointer (SP). 


The stack is 8 words deep and 13 bits wide, and works on a 
last-in, first-out (LIFO) basis. The current address of the 
stack is contained in the stack pointer. The stack is connected 
to the lower 13 bits of the main bus. Therefore, the contents of 
the stack location indicated by the stack pointer can be read 
from or written to, if desired, by appropriate specification in 
the SRC or DST fields of a transfer instruction. 
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3.2 Data ROM and its associated circuits. 


3.2.1 Data ROM. 


Data ROM capacity is 1K words by 32 bits. The current 
address of this memory is specified by the ROM pointer (RP), or 
by the RPS field in the CNT field of the OP instruction. 


3.2.2 ROM pointer (RP). 


The ROM pointer is a 10-bit register that contains the 
current address of the data ROM. It is also connected to the 
lower 10 bits of the main bus. RP modifications are specified by 
the two RP bits in the CNT field of an OP instruction. The 
modifications which are available are increment RP, decrement RP, 
and add 2” to RP. 


Figure 3-2. Data ROM and its associated circuits. 
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Figure 3-3. Internal data ROM access timing. 
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Master clock 
Program counter (PC) 
Instruction 

ROM pointer (RP) 
DATA ROM Output 


Internal system clock, $1 
Internal system clock, $2 


3.3 Data RAMs and their associated circuits. 


3.3.1 Data RAMs O and l. 


Two blocks of RAM are provided for data storage. Each block 
consists of 512 words by 32 bits. The current address for data 
RAM 0 is specified by base pointer 0 (BASEO) and index register 
0 (INDEXO). Likewise, the address for data RAM 1 is specified by 
base pointer 1 (BASE1) and index register 1 (INDEX1). Figure 3-4 
is a block diagram of this configuration. 


The output from each data RAM block is connected to the main 
bus. In addition, each data RAM block is connected to .a sSubd-bus, 
which routes the RAM data to the P register of the ALU, and 
another sub-bus which routes data to the K and/or L registers at 
the input to the multiplier. Thus, data transfers from the RAM 
blocks can occur in parallel with other data transfers across the 
main bus, and in parallel with an ALU operation. 
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Figure 3-4. 
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Data RAMs and their associated circuits. 
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3.3.2 Data RAM address. 


The address for each data RAM block is specified by the 
appropriate base pointer and index register. Each of these 
registers is 9 bits wide, and is connected to the lower 9 bits of 
the main bus. 


The following addressing modes are available: 


1) address = base pointer 
2) address = index register 
3) address = base pointer + index register 


The contents of the CNT field in the OP instruction specify which 
mode is used. The specification made becomes valid on the 
following instruction cycle. 


3.3.3 BASEO and BASE. 


Base pointer 0 (BASEO) specifies the base address for data 
RAM 0, while base pointer 1 specifies the base address for data 
RAM 1. Each of these 9-bit pointers are connected to the lower 9 
Dits of the main pus, and are therefore accessible to/from the 
other registers on the bus. 


(1) General base pointer operation. 


The base pointers can be modified as follows, in 
accordance with the CNT field of the OP instruction: 


Increment 
Decrement 
Clear 

NOP 


+ + + 


(2) Special base pointer operation. 


The base pointers can count either as ordinary binary 
counters, or as modulo counters, with the modulus 
specified by the BASEn bits (n=0,1) in the CNT field 
of the OP instruction. In modulo count mode, the carry 
to a specified bit position is inhibited, so that the 
bits higher than and including the one specified are 
not affected py any counting operations. The bits 
lower than the one specified will go through a ring 
count (1.e. wrap around) upon successive increments or 
decrements. 


Example: n=4 specifies a modulo 24 count; when 
incremented, the base pointer will count between 0 and 
15 and then wrap around to 0 again and continue 
counting. 


Figure 3-5. Base pointer modulo count operation. 
|<------no change------- >|<---ring count----> | 


| | | | | | | | | | base 


a rn nn en ne ee eee eee pointer 


The modulo count number n can be between 0 and 7. When 
the modulo count number is 0, the base pointer will 
behave as an ordinary 9-bit binary counter. 


Note that the starting address of the count need not bg 
zero; 1.€. it is possible to specify a count of 2 
starting at address 0O14H, for example, and count 
through the range 014H - O17H. 


3.3.4 INDEXO and INDEX1. 


Index register 0 (INDEX0) specifies the index address for 
data RAM 0, and index register 1 (INDEX1) specifies the index 
address for data RAM l. Each of these 9-bit registers is 
connected to the lower 9 bits of the main bus, and both are 
therefore accessible to/from the other registers on the bus. 


(1) Index register operation. 


The index registers can be modified as follows, in 
accordance with the CNT field of the OP instruction: 


Increment 
Decrement 
Clear 
Store 

NOP 


+ + + + F 


When the store operation is specified, the base pointer 
and the index register contents are added together, and 
the sum replaces the previous value in the index 
register. 
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3.4 Floating point muitiplier section. 


3.4.1 Floating point multiplier (FMPY). 


The multiplier generates the product of the 32-bit data in 
the K register and the 32-bit data in the L register. The K and 
L register contents are in 8-bit exponent, 24-bit mantissa 
format. The 55-bit product (&8bit exponent, 47-bit mantissa) is 
stored in the M register. Refer to Figure 3-7 for a block 
diagram of the FMPY and its associated circuits. 
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Figure 3-7. FMPY and associated circuits. 
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3.4.2 K and L registers. 


These are 32-bit registers which hold the inputs to the 
floating point multiplier (FMPY). They can also be used as 
general purpose registers because they can be written to or read 
from the main bus. In agidition, data from data RAM 0 can be 
‘loaded into the K register, or data from data RAM 1 can be loaded 
into the L register, via independent sub-busses. 


3.4.3 M register. 


Once the numbers to be multiplied are stored in the K and L 
registers, the product is automatically generated and stored in 
the M register. Refer to Figure 3-8 for a representation of the 
multiplication process. The 55-bit M register is in 8-bit 
exponent, 47-bit mantissa format. The timing of a multiplication 
is shown in Figure 3-9. 


The data in the M register can be transferred to the main 
bus (32 bits), the PU bus (55 bits), and the P register (55 bits) 
of the ALU, according to the transfer format specifications 
described below. 


Figure 3-8. 
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Figure 3-9. 
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There are two formats which are available for transferring 
data from the M register to any other register. The desired 
format is specified in the SRC field of the OP instruction. The 
following transfer formats are depicted in Figure 3-10: 


(1) SRC field = 4M 


If the destination register is 32 bits wide, then the 
higher 32 bits of the M register are transferred to the 
destination register. If the destination register is 
55 bits wide, the 55 bits of the M register are 
transferred unaltered to the destination register. 


(2) SRC field = ML 


The exponent (i.e. highest 8 bits) of the M register is 
transferred directly to the exponent of the destination 
register, and the lower 24 bits of the M register are 
transferred to the 24 bit mantissa of the destination 
register. If the destination register is 55 bits wide, 
then the lower 23 bits of the destination register are 
filled with zeros. 


M register 


destination 


M register 


destination 


Figure 3-10. M register data transfer formats. 
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b) ML = SRC 


3.5 Processing Unit (PU). 


The processing unit (PU) contains those sub-sections shown 
in Figure 3-ll. The P and Q registers hold the inputs for the 
two arithmetic logic units (ALU and EAU), and the eight working 
registers may be used to store the results. 


3.5.1 P register. 


The P register serves as one of the two inputs to the ALUs. 
This 55-bit register is in 8-bit exponent, 47-bit mantissa 
format. Data may be input to the P register from the PU pus, M 
register, data RAM 0, or data RAM 1, in accordance with the P 
field specification in the OP instruction. 


3.5.2 Q register. 


The Q register is the other input to the ALUs. The data 
format in the Q register is the same as the format in the P 
register. Data may be input to the Q register from any of the 
eight working registers (WRO thru WR7), in accordance with the Q 
field specification in the OP instruction. 


If the same working register is specified as the input to 
the Q register in consecutive instructions, then the output of 
tne ALU is fed directly to the Q register. This allows a single 
accumulator (i.e. working register) to be used for successive 
arithmetic operations. However, an intermediate result in a 
continuous accumulation will not be stored in the working 
register. 


Figure 3-ll. Processing Unit (PU) and associated circuits. 
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3.5.3 Shift and count circuit (SAC). 


This circuit determines the "shift value" of the mantissa 
stored in the Q register. The shift value is the number of bits 
by which the mantissa must be left shifted so that the MSB of the 
fractional part of the mantissa (i.e. the bit to the right of the 
sign bit) becomes a numerical 1]. For example, a 4 bit two's 
complement mantissa equal to 0001 would have a shift value of 2, 
while 1100 would have a shift value of 1. This shift value is 
used by the barrel shifter (BSHIFT) in performing normalization 
and format conversion. 


3.5.4 Barrel shifter (BSHIFT). 


This unit performs shifting operations on the mantissa 
stored in the P register or the Q register. The number of bits 
shifted is determined by the SAC or EAU in the processing unit, 
or by shift control fields in the OP instruction (e.g. SHV, SHLM 
fields). The shift operations performed by BSHIFT are described 
below. 


(1) Mantissa alignment in floating point operations. 


In a floating point arithmetic operation, the EAU 
compares the exponents of the data stored in the P and 
Q registers. The mantissa of the number with the 
smaller exponent will be right shifted, and its 
exponent incremented, until the two exponents are 
equal. The floating point arithmetic operation is then 
performed on the numbers with equal exponents. 


(2) Mantissa shift in fixed point operation. 


When working with fixed point numbers, the data in the 
P or Q register may be shifted by the shift value 
contained in the shift value register (SVR). See the 
description of the SHV field in chapter 4 for details. 


(3) Normalization. 


Data can be normalized by specifying NORM in the 
operation field of an OP instruction. "Normalization" 
means that the exponent and mantissa of the data in the 
Q register are adjusted in accordance with the value 
from the SAC (see above). After normalization, the 27 

bit will be a numerical l. 


(4) Floating point to fixed point conversion. 


The mantissa stored in the Q register will be shifted 
by the value of its exponent. If the exponent is 
negative, the mantissa will be shifted to the right; if 
the exponent is positive, the mantissa will be shifted 
to the left. 
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(5) Unary shift. 


The mantissa of the data in the Q register can be 
shifted by specifying a shift instruction in the 
operation field of an OP instruction. The exponent 
will not be affected. 


3.5.5 Arithmetic and logic unit (ALU). 


The ALU performs arithmetic and logical operations on the 
47-bit mantissas of the P and Q registers. The ALU performs the 
operation specified in the OP field of an instruction. If the 
Operation is unary (i.e. only one input is needed), then the Q 
register is the source of the operand. Otherwise, the data from 
both the P and Q registers are used. 


The result of an operation is stored in the working register 
selected in the Q field of the instruction. The ALU operation 
will affect the flag register (i.e. PSW) selected by the FIS and 
FC bits of the OP instruction. 


In general, the results of an ALU operation are valid two 
instruction cycles after the instruction specifying the operation 
(refer to Figures 3-12 and 3-13). However, because of the 
pipelined nature of instruction execution, the results of one 
-instruction are always available for the next instruction (except 
for certain external memory read operations). 


3=21 


Master clock 


© 


Figure 3-12. ALU operation timing. 
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Figure 3-13. ALU operation timing when a single working register 
is used on succesSive operations. 
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3.5.6 Exponent arithmetic and logic unit (EAU). 


This unit performs the required operations on the 8-bit 
exponents stored in the P and Q registers. 


3.5.7 Working’registers 0 thru 7 (WRO - WR7). 


These 5Sbpit registers store the results of the operations 
performed by the ALU and EAU. The current working register is 
specified by the Q field of the OP instruction. Data can be 
transferred to or from the working registers according to the 
transfer format specified in the OP instruction. The WT field 
controls the transfer format when the working register is the 
source of data for the transfer, while the WI field controls the 
transfer format when the working register is the destination. 
The transfer formats are described in Tables 3-1 and 3-2. 


Data transfer format, WRn = SRC 


Table 3-l. 
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Table 3-1 (cont'd). Data transfer format, WRn = SRC. 


LT AING CERRITO LENT LES EEE EL LI TLL ALLEY BRIT 


Mnemonic |_WT field | Operation 


[D211D20{/D19 | : 





working register 


| | 
| 
| WRBEL8 i 1 ]|0 1] 21 =| Shifts the lower 8 bits of WR to the | 
| | | | | exponent | 
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| | | | | 
| | | | | | 
| | | | | 
| | | | | 
| | | | 
| | | | | | 
| | | | | l 

|---------- |--- |--- |---| 
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Table 3-2. Data transfer format, WR = DST. 





Mnemonic |_WI field | Operation 


| D19 | D18 | 








| | 
| | 
| BWRL24 0 1 Shifts the lower 24 bits of the | 
| mantissa of a WR to the higher 24 bits | 
| 54 46 23 0 , 
| | 
| | 
| | 
| | 
| | 
BWRORD 1 0 Ordinary data transfer to a WR 
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3.5.8 Processor status words 0 and 1 (PSWO and PSW1). 


These 5-bit registers hold the ALU flags corresponding to 
the results of an ALU operation. 


Figure 3-14. Processor status word bit configuration. 


| OVFE | Cc {| 2 | S | OVFM | OVFE : exponent overflow flag 
wore ro<----- alone eaten toate tenieataatan C : carry flag 
Processor status word Z : zero flag 
S ; Sign flag 

OVFM : mantissa overflow flag 


Both PSWO and PSW1 are connected to the 5 lower bits on the 
main bus, and may be specified as a source or destination ina 
transfer operation. The flags in the PSW may also be tested by 
conditional branch instructions. Some noteworthy characteristics 
of the PSW are noted below. 


(1) 


(2) 


(3) 


The FIS and FC bits of the CNT field in an OP 
instruction determine which PSW will be affected by the 
current instruction. This PSW specification becomes 
valid as soon as the specifying instruction is executed. 


If a PSW clear operation and a data transfer to the PSW 
are both specified in the same instruction, then 
clearing the PSW takes precedence, and the data is not 
transferred to the PSW. 


A PSW clear operation takes effect as soon as it is 
executed. Therefore, if the PSW is cleared by an OP 
instruction immediately following an OP instruction that 


| performs an ALU operation, then the result of that ALU 


(4) 


operation will not be seen in the PSW. 


A transfer to the PSW takes effect immediately upon 
execution of the transfer instruction. Therefore, if 
the transfer instruction immediately follows an OP 
instruction that performs an ALU operation, then the 
result of that ALU opertaion will not be seen in the 
PSW. 


3-28 


Table 3-3. PSW functions 


PSW bit | Description 
eRe aN aes eae | ee ee + 
OVFE | This bit is set to 1 if an overflow or 
(overflow of | underflow occurrs as a result of an EAU 
exponent) | (exponent arithmetic unit) operation 
Baie Seer es Seen ceeeeer saa eSe ao - a see a ee eee 
C (carry) | This bit reflects the carry or borrow 
{| resulting from an arithmetic operation 
sly Sada ete oes earetas e [ Soeeeewen ese ee ne See ee ee ee eee Se SSeee 
Z (zero) | This bit is set to 1 when the mantissa 
| in the result of an arithmetic operation 
| is zero 
es asieses evaen es ace eies so aenwereane cheese ee eee weee SS eeee ee eee ee cess 
S (sign) | This bit holds the sign bit (i.e. MSB) of 
| the mantissa of the result of an arithmetic 
| operation 
Ete Se eee See eae tesa eee me eee eae sel eles eeee 
OVFM | This bit is set to 1] if an overflow or 
(overflow of | underflow occurrs as a result of an ALU 
mantissa) | operation 
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Effects of ALU operations on PSW. 
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Flag will be affected by the result of the operation. 


Flag will be reset to "OQ". 


Flag will be set to "1". 


Previous condition of flag will be preserved. 


Undecided. 


If the original data in the mantissa was 80...0H, 
OVFM = "1" after operation. 


3.5.9 Loop Counter (LC). 


The loop counter is a 10-bit down counter connected to the 
lower 10 bits of the main bus. It can be specified as either the 
source or destination of a transfer operation. 


The contents of the LC can be decremented when so specified 
in the CNT field of an OP instruction. When an LC decrement 
generates a borrow (it has itsS own borrow flag, not to be 
confused with the PSW), the count operation is disabled, and the 
next instruction to be executed is executed as though it were a 
NOP. 


3.5.10 Shift value register (SVR). 

This 7-bit register specifies a shift value for the barrel 
Shifter (BSHIFT). It is connected to the lower 7 bits of the 
main bus. The characteristics of the SVR are listed below. 


(1) The SVR can be specified as either the source or 
Gestination in a transfer operation. 


(2) The contents of the SVR can be changed by the SHV bits 
of the CNT field in an OP instruction. 


(3) If the SVR is specified as the destination of a transfer 
in the same instruction in which the SHV field would 
change the contents of the SVR, then the transfer gets 
priority over the SHV field. 


Figure 3-15. Shift value register bit configuration. 
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| |. ——tCCC™~™st—“(tisSCifitleS) Sh F0tE Vall! 
: 0 < shift value < 46 
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0 => right shift 
1 => left shift 


ae 


3.5.11 Temporary register (TR). 


main 


This is a 32-bit general purpose register connected to the - 
bus. Use of the TR is illustrated in the following example. 


Temporary register application example: 


In the uPD77230R, the Load Immediate Data (LDI) instruction 
can only load 24 bits at atime. In order to load a 32-bit 
floating point number, the TR must be used as follows: 


(1) Specify TR as the destination in an LDI instruction. 
The 24-bit immediate data is then loaded into the 24 lower 
bits of the TR, and the 8 MSBs of the TR are set to zero. 


(2) Specify TRE as the destination in an LDI instruction. 
The lower 8 bits of the 24bit immediate data field are then 
loaded into the upper 8 bits of the TR (i.e. the exponent). 
The lower 24 bits of the TR will not be affected by this 
transfer to TRE. 
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3.5.12 Overflow and underflow processing. 


The uPD77230R will automatically compensate for any overflow 
or underflow that occurs during a normalization or floating point 
operatiom. The overflow or underflow is detected inside the ALU 
or EAU and is compensated for at the output section of the ALU 
and EAU. , 


(1) Compensation in floating point operation. 


Refer to Table 3-5 below. 


| Condition | Compensation 
Overflow/ (1) 1 bit right shift of mantissa; 
underflow of carry of PSW input to MSB. 
mantissa (2) Add 1 to exponent. 


| 

| 

! 

| NOTE: If exponent overflows as a 
| result of this operation, the 

| following process is performed: 
| 
| 
| 


* If mantissa is positive (MSB = 0), then 
exponent = max. positive value (7FH) & 
mantissa=max. positivevalue (7F...FEH) 


| 

| * If mantissa is negative (MSB=1), then 

| exponent = max. positive value (7FH) & 

| mantissa = min. negative value (80...0H) 
| 
| 
| 
| 


a EET aya Ge Geese See ge Ge SERED Qos GEES Gere Ge GLE Gu ERE Grea Geo 


(1) Mantissa 0 (0...0H) & | | 
exponent 80H | 


Table 3-5. Compensation for overfliow/underflow in 
floating point operation. 
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(2) Compensation in normalization. 


If an underflow occurs in the exponent as a result of a 
normalization, the exponent and mantissa are set to the 
following values: 


* Exponent = 0 (80H) 
* Mantissa = 0 (0...0H) 


(3) Compensation in normalization with rounding. 


If an overflow occurs in the mantissa as a result of 
a normalization with rounding operation, it is 
compensated for in the same manner as for a floating 
point mantissa overflow/underflow, described in Table 
3-5. 


(4) Compensation during format conversion. 


If the exponent is greater than the shift value 
determined by the SAC during a conversion from floating 
point to fixed point format, the mantissa is set to its 
positive or negative saturation value, depending on its 
Sign, as shown below: 


* If mantissa is positive (MSB=0), then 
mantissa = max. positive value (7F...FEH). 


* If mantissa is negative. (MSB=1), then 
mantissa = min. negative value (80...0H). 
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3.6 System control section. 
3.6.1 Clock generator. 


The clock generator supplies the internal system clocks 
(including the serial clocks, if desired) by means of a crystal 
oscillator connected across the Xl and X2 pins, aS shown in 
Figure 3-16. If an externally generated clock is available, it 
may be supplied to the Xl pin, and the X2 pin should be grounded. 


The internal system clock consists of two phases, and is 
obtained by dividing the master clock (i.e. crystal oscillator) 
frequency by two. The relation between the two phases and the 
crystal oscillator is shown in Figure 3-17. 


The serial clock (SCK) is obtained by dividing the master 
clock by eight. The SCI bit of the status register determines 
if SCK is output from the clock generator to the serial input 
clock pin (SICK), or if the serial input is performed using an 
external clock input to the SICK pin. 


Likewise, the SCO bit of the status register determines 


whether the serial output transfer is clocked by SCK or by an 
external clock input to the SOCK pin. 


B35 


Figure 3-16. Crystal oscillator connection to Xl and X2 pins. 
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Figure 3-17. Internal system clock phases. 
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3.6.2 Interrupt controller. 


The uPD77230R has two interrupt pins: INT\, for nonmaskable 
interrupts, and INTM\ for maskable interrupt. 


(1) INT\ (nonmaskable interrupt). 


+ + + 


INT\ has higher priority than INTM\. 

Interrupts are detected at the falling edge of INT\. 
The interrupt address is 10H. 

INT\ must be at least 3 system clocks wide. 


(2) INTM\ (maskable interrupt). 


(3) 


* INTM\ has lower priority than INT\. 

*Interrupts are detected at the falling edge of INTM\ 
when the EM bit of the status register is set to l. 

* When INTM\ is acknowledged, the EM bit of the status 
register is cleared to 0. 

* The interrupt address is l100H. 

* INTM\ must be at least 3 system clocks wide. 


Normal servicing procedure for INT\ and INTM\. 


After an interrupt has been recognized ( 1.e after the 
falling edge of INT\ or INTM\), the interrupt is 
processed in the following sequence (refer to Figure 3- 


18); 


(a) 


(b) 


(c) 


(d) 


When execution of the current instruction is 
completed, the address of the currently fetched 
instruction (i.e. the réturn address) is pushed 
onto the stack. 


The currently fetched instruction is temporarily 
replaced by a NOP and executed. The execution of 
this NOP is required by the pipelined nature of 
program execution. 


While the NOP is executed, the program counter 
(PC) is loaded with the interrupt address, and the 
first instruction of the interrupt routine will be 
executed immediately following the NOP. 


After the interrupt has been processed, the return 


address is popped off the stack and loaded into 
the PC. 
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(4) 


Interrupt acknowledge during CALL instruction. 


When an interrupt signal is acknowledged during the 
execution of a CALL instruction, the interrupt is 
processed in the following sequence (refer to Figure 
3-19): 


(a) The address two addresses after the CALL 
instruction address (i.e. the Subroutine return 
address) is pushed onto the stack. 


(b) The instruction following the CALL instruction is 
executed normally. 


(c) The address of the instruction that would have 
been executed had the interrupt not occurred (i.e. 
the subroutine start address) is pushed on to the 
Stack, and that instruction is temporarily 
replaced by a NOP and executed. 


(d) While the NOP is executed, the program counter 
(PC) is loaded with the interrupt address, and the 
first instruction of the interrupt routine will be 
executed immediately following the NOP. 


‘{e) After the interrupt has been processed, the 


Subroutine start address is popped off the stack 
and loaded into the PC. 


(f) After the subroutine has been executed, the 


Subroutine return address is popped off the stack 
and loaded into the PC. 
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Interrupt acknowledge during CALL 


instruction execution. 


Figure 3-19. 
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(5) 


Interrupt acknowledge during a branch instruction other 
than a CALL instruction. 


When an interrupt signal is acknowledged during the 
execution of a branch instruction (other than a CALL 
instruction), the interrupt is processed in the 
following sequence (refer to Figure 3-20): 


(a) 


(b) 


(c) 


(d) 


(e) 


The address two addresses after the branch. 
instruction address (i.e. the interrupt return 
address) is pushed onto the stack. 


The instruction following the branch instruction 
is executed normally. 


The instruction at the interrupt return address is 
temporarily replaced by a NOP and executed. 


While the NOP is executed, the program counter 
(PC) is loaded with the interrupt address, and the 
first instruction of the interrupt routine will be . 
executed immediately following the NOP. 


After the interrupt has been processed, the 
interrupt return address is popped off the stack 
and loaded into the PC. 


Interrupt acknowledge during execution of 


branch instruction other than CALL. 


Figure 3-20. 
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3.6.3 Hardware reset. 


The hardware is reset by an active low RESET\ signal which 
must be at least 3 system clocks wide. 


(1) Internal status after hardware reset. 


The following flags and registers are reset to 0 after 
a hardware reset. 


Registers: 


+ +e e & 


Flags: 


+ 


Status register (SR) 
PSWO and PSW1 
Program counter (PC) 
ROM pointer (RP) 


SIAK, SOAK 

ROM 

Loop counter borrow 

P2 and P3 (in slave mode) 


In addition, the following conditions will be in effect 
after RESET\. 


* 


The address used for data RAM 0 and 1 is the 
base register address plus index register 
address. 

The address used for the data ROM is RP. 


The modulus of the pase pointer count and the 


value of nin 2™ addition to the RP are reset 


to 0. 
The loop count operation is inactive. 


The contents of these registers just mentioned 
are not affected by RESET\. 


(2) Output pin status after hardware reset. 


The effect of a RESET\ on the output pins of the 
uPD77230R for both master and slave modes is listed in 
Table 3-6 © 


Table 3-6. Effect of RESET\ on output pins. 


(a) Pins used in both master and slave modes. 


| Pin name | Status | 
ana | La|~|!CCC : 
— a. °° : 
-— aa ° : 
ae °C andy Geel ae ta cenaae | 
—  —————< °° : 
"a ta : 
. <<“ «~*~ | 


| Pin name [ Status [ 
-— <2. °° , 
“aa | ha CCC | 
a.) a CC CC | 
i. | Meade, ! 
| I/O 15 | £HWR\, and CS\ pins. | 


ae GED GES Gn GD GED GP GE GP GH GH GE G88 GR GE Ge Gh Gt GEEn OEP Gen GP Ght GE Ge GE GR Gt GP GE Ge GEE Gt Gn G8 GE 22 GF GF Gt GE GH G® Gh a GH aw @ Gm G@ aD 


3.6.4 Status register (SR). 

SR is a 20-bit register that specifies the internal status 
of the uPD77230R. It is connected to the lower 20 bits of the 
main bus. The following modes are set by bits in the SR: 

* Serial I/O interface operation mode. 


* Data memory bus transfer format for operation in slave 
mode. 


* Maskable interrupt status. 

The bits corresponding to the above functions can be either 
read from or written to. The remaining bits in the SR are read- 
only bits which are used to check the following internal 
conditions: 

* Master/slave mode. 

* Serial I/O transfer error status. 

* Parallel I/O transfer error status. 


The SR bit configuration is shown in Figure 3-21, and the 
functions of the individual bits are described in Table 3-7. 


Figure 3-21. Status register bit configuration. 
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Table 3-7. Status register bit functions. 

















Bit name | Function 
|-------------- | ---------------------------------------------- 
SCI | Specifies whether internal or external clock 
(serial | is used as the serial input clock (SICK) 
clock for | = ae 
input) | |_Sczr |_ _| 
| |..0 | Internal clock _ | 
| |_.1 _ | External clock | 
shes aoa nese alae! | een ene ee ee eee eee ee eee 
SCO | Specifies whether internal or external clock 
(serial | is used as the serial output clock (SOCK) 
clock for | ee - = 
output) | J_.sco | 
| |]..0 | Internal clock | 
, | 1 {| External clock | 
SDLI | Specifies serial input data length 
(serial data | 
length for | |__SDLI i 
input) | 17] 6 | | 
| 1_Q | 0 | 32 bits | 
[| 10 | 1 | 8 bits l 
| [if 0 | 16 bits | 
| 11 {| 1 {[ 24 bits | 
SDLO | | Specifies. serial output data length 
(serial data | eee 
length for | |__SDLO | a ___ | 
output) | 1544 tf | 
| 1.0 | O | 32 bits en 
| |_O0 | 1_ | 8 bits | 
| |_1 J. 0 [ 16 bits | 
| |1 {| 1 | 24 bits | 
SIF | Specifies serial data input order 
(serial data | 
input | I_SIF_ ] Bouse | 
format) ! | 0 | MSB in first | 


|__1 | LSB in first | 


ae GEE Gan. Guyer Gewese. eenee weumese qqna GRO ge aE Gite GE Ge Gee GuEEE GD ce ae 


Table 3-7. Status register bit functions (cont'd). 





SOF Specifies serial output data order 
(serial data 
output |_ SOF | | 
format) | O | MSB out first | 
| 1 { LSB out first | 
EM Enable/disable maskable interrupt 
(enable 
maskable |_ EM | | | 
interrupt) | 0 | disable | 
| 1 {| enable | 
BM Specifies whether INTM is booked (memorized) 
(booked 
maskable | BM | | 
interrupt) | 9 reset | 
7 | 1 | memorize | 
IOL Specifies data transfer format for host CPU 
(I/O bus 


bus in slave mode 
data length 


for slave) | IOL | | | 
| oO | 32 bits | 
| | 


DF 

(local bus 
data format 
for slave) 


‘Specifies data transfer format for local 
bus in slave mode 





l byte (8 bits 
1 j| 0 | 2 bytes (16 bits) 
1 2f{ 1{| 3 bytes (24 bits) | 


: 


| 
1 | 
0 4 bytes (32 bits) | 
1 | 
| 





SM Indicates master/slave mode 
(slave/ _ _ 
master | SM | | 
mode) | 0 {| master mode | 

| _ slave mode _| 
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Table 3-7. Status register bit functions (cont'd). 

















changed during read/write of low speed 
external memory 


| ae 
no error 


| {| error occurred 


Bit name | Function 
Spee ete wece | me ee en re wee ne ne een nn 
ESI | Indicates that serial data input was aborted 
(error | with data length shorter than specified by 
status for | the SDLI bits 
serial | 
input) | |_ESI | | 
| |_O Jf no error | 
| |__1 error occurred | 
eoeeewoes ewe | ee ee ee ee ee enn ee 
ESO | Indicates that serial data output was aborted 
(error | with data length shorter than specified by 
Status for | the SDLO bits 
serial | 
output) | {ESO | | 
| {_O | no error | 
| |_.1 Jj error occurred | 
Se na er ae aero eee ee eae eo eae a ee ee eee eee ese 
EHS | Indicates external instruction access was 
| specified during a read/write of external 
| memory 
ee ee ee eee RN 
| [EHS [0 | 
|—9__|___no_er ror —_ 
| 1 | error occurred | 
Soeeteetee toss ise nseoneyeenerepnrnsyurannyseceadlt 
EAS | Indicates that read/write of low speed 
| external memory was specified before current 
| read/write is completed 
| 
ID Se Ee ee 
| |_O | no error | 
| |_1 error occurred | 
de coms Game cam ne OE EY cms MED mes RD Em GD a { Sc ci eee nk be Se ee ak Sus ech ed SS lee“ St ce used meer di“ Sue cas “eed Cans ei ga “ees “all ech Ss ms see 
EEA | Indicates address register contents were 
| 
| 
| 
| 
| 
| 
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Table 3-7. Status register pit functions (cont'd). 
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| 

| Indicates external instruction ROM access 
| attempted when in slave mode 
| 

| 

| 

| 


1 error occurred 
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3.7 Serial I/O Interface. 


3.7.1 Serial input interface configuration. 


The serial input interface consists of the following 
circuits: the serial input shift register (ISFT), which converts 
the serial input bit stream into parallel data; the serial input 
register (SI), which holds the data generated by the ISFT and can 
be accessed from the main bus; and the serial input controller 
(SICNT), which regulates the serial input circuitry. 


3.7.2 Serial input data format. 


The serial input data format is specified by several bits in 
the status register. In particular, the two SR pits labelled 
SDLI determine the length of the serial input word, which may be 
8, 16, 24, or 32 bits wide (as shown in Fig. 3-22), and the SIF 
bit specifies the data input order as either MSB in first or LSB 
in first. The serial input data format settings written to the 
status register take effect upon the next transition of SIEN\ 
From high to low. 


Figure 3-22. Serial input register data format for 
SIF=0 (MSB in first). 


31 23 15 7 0 

git mode | [CLO “IMAM lemons 8S 

TS tae ee 

31 23 15 7 0 
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31 23 15 7 0 

24 bit mode [<= 0 == >1////U////V/I/12/11/ WITISI 111 | 

| eee Oe 

31 23 i5 7 0 

seis nose //IITIALIIATTIAITIBITINITITT 
~ MSB 


Shaded areas indicate bit storage locations for each 
mode; the number in the shaded areas indicates the 
order in which the bytes are filled. 


3.7.3 Serial data input timing. 


1) 


2) 


3) 


4) 


5) 


Serial data input is enabled by setting the SIEN\ input 
to 0. 


When SIEN\ is low, serial input data is clocked into ISFT 
on the falling edge of the serial input clock (SICK). 


A serial data input word is considered complete when the 
number of bits specified by the SDLI bits of the status 
register have been loaded into ISFT. If serial data 
input is aborted by changing SIEN\ from 0 to 1 before the 
serial data input word is complete, then the serial input 
error flag (ESI) in the status register will be set. 


When the serial data input word is complete, it is 
transferred from ISFT to SI, the serial input acknowledge 
flag (SIACK) is set, and ISFT is reset. Each of these 
actions is triggered by the rising edge of SICK 
immediately following the falling edge of SICK which 
completed the serial input word. This timing is depicted 
in Figures 3-23 and 3-24. 


Serial data can be continuously input by leaving SIEN\ in 
its active low state. The pit latched into ISFT after 
the last bit of the previous word is handled as the first 
bit of the next word, as shown in Figure 3-23. 


Serial input timing for successive 8-bit words. 


Figure 3-23. 
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3.7.4 Internal transfers of serial input data. 


1) The serial input register (SI) contents can be 
transferred to any register that can be specified in the 
DST field of an instruction. Such a transfer will not 
change the format of the SI register contents. 


2) The data in the SI register will be overwritten by the 
contents of ISFT when the next serial input word is 
complete. To avoid loss of data, the SI register 
contents should be transferred to another location before 
the next serial input word is complete. 


3) The serial input acknowledge flag (SIACK) goes high when 
data has been transferred from ISFT to SI. This flag can 
be tested by a conditional branch instruction, and ought 
to be used to avoid data loss as described in (2) above. 


4) When data is read from the SI register, the SIACK flag is 
reset to 0. 


3.7.5 Serial output interface configuration. 


The serial output interface consists of the following 
Circuits: the serial output register (SO), which holds the data 
sent from the main internal bus; the serial output shift 
register (OSFT), which converts the data in SO from parallel to 
serial form; and the serial output controller (SOCNT) which 
regulates the functioning of the serial output circuitry. 


o276 Serial output data format. 


The serial output data format is specified by several bits 
in the status register. In particular, the two bits labelled 
SDLO determine the length of the serial output word, which may be 
8, 16, 24, or 32 bits wide (as shown in Figure 3-25), and the SOF 
bit specifies the data output order as either MSB out first or 
LSB out first. The serial data output format settings written to 
the status register take effect upon the next transfer of data 
from the main bus to the serial output register (SO). 
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Figure 3-25. Serial output register data format for 
SOF=0 (MSB out first). 
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Shaded areas indicate bit storage locations for each 
mode; the number in the shaded areas indicate the 
Order in which the bytes are shifted out. 


3.7.7 Serial output timing. 


1) A serial output data transfer is initiated by writing 


2) 


3) 


4) 


the output data word to the SO register. This results 
in the serial output acknowledge flag (SOAK) going from 
low to high. 


The data written to the SO register is transferred to 
the OSFT register as soon as the OSFT is finished 
shifting out the previously transferred data. When this 
transfer occurs, the serial output request (SORQ) goes 
high, telling the external device that data is ready for 
a serial transfer. In addition, the SOAK flag is reset, 
indicating that new data may be written into the SO 
register without over-writing the previous word. 


If a serial output data transfer is in progress when 
data is written to the SO register, then the transfer 
from SO to OSFT is not executed until the serial output 
data transfer is complete. 


After the external device senses the serial output 
request (SORQ=1), it initiates the serial transfer by 
setting SOEN\ to 0. 


Serial data is clocked out by the rising edge of the 
serial output clock (SOCK). 


Serial output timing is depicted in Figures 3-26 and 3-27 


Serial output timing for single 8=-bit transfer. 


Figure 3-26. 
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Serial output timing for successive 8-bit transfers. 


Figure 3-27. 
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3.8 Parallel interface in Master mode. 


3.8.1 Memory map. 


In master mode, the uPD77230R is capable of handling 8K 
words of external memory expansion. This 8K word area consists 
' of a 4K high speed memory area and a 4K low speed memory area, as 
shown in Figure 3-28. The high speed memory area (lower 4K of 8K 
expansion) can be accessed in a single instruction cycle, and may 
be used for either instruction or data storage. The low speed 
memory area (upper 4K of 8K expansion) can be accessed in three 
instruction cycles, and may be used for data only. 


00008 


O7FFH 


10008 


IFFFH 


Figure 3-28. 
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3.8.2 External expansion of instruction ROM. 


The uPD77230R can use a 4K word external expansion of 
instruction memory only in master mode. Only the high speed 
external memory area (i.e. the lower 4K) can be used for 
instruction storage. The most significant bit of the program 
counter (PC12) determines whether internal instruction ROM or 
external instruction memory is selected. To set and clear PC1l2, 
an appropriate 13-bit address must be specified as the 
destination address in a branch instruction. As this implies, 
the program counter will not automatically count from FFFH to 
1000H; rather, it will wrap around from FFFH to OOOH. 


1) When PC12 = 0, internal instruction ROM is selected, and 
when PC12 = l, external instruction memory is selected. 


2) When PC12 becomes 1, the lower 12 bits of the PC (i.e. 
PCOO thru PCll) are output to the address port (AP), and 
the data port (DP) is set to input mode. The 32-bit 
instruction from external memory will be input via the DP 
and latched into the instruction register (IR) for 
decoding. 


A typical instruction memory expansion in master mode is 
shown in Figure 3-29. Figure 3-30 shows the external instruction 
memory access :-timing. 
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3.8.3 External data memory expansion. 


When instruction ROM is being externaly expanded in master 
mode, a 4K word data memory expansion is ALSO possible, using the 
low speed memory area (i.e. upper 4K of 8K expansion). If 
instruction ROM is not being externally expanded, then a total of 
8K words of data memory expansion may be used, with 4K words in 
the low speed memory area and 4K words in the high speed memory 
area. Figure 3-31 depicts external data memory expansion in 
master mode. 


1) Specification of a read from or a write to external data 
memory is done via the RW bits in the CNT field of an OP 
instruction. 


2) When accessing external data memory, the lower 12 bits of 
the address register (AR) are output to external memory 
through the address port (AP). The MSB of the address is 
output on the A, pin. 


3) The access time for the high speed external memory area 
is one instruction cycle, as shown in Figures 3-32 and 
3-33 e 


4) The access time for the low speed external memory areais 


three instruction cycles, as shown in Figures 3-34 and 
3-35. 
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3.9 Parallel interface in slave mode. 


3.9.1 Slave mode. 


The uPD77230R can be configured for slave mode operation by 
setting the mode set pin (M/S) to a high level. In slave mode, 
the pin configuration for the parallel interface to external 
devices is shown in Table 3-8 and Figue 3-36. 


| Function 


| ~----------------------- 
Host CPU interface 


I/O 0 to I/O 15 (data bus) 


| 

| 
| | | 
| | HRD\ (read) | 
| | HWR\ (write) | 
| | RQM (request) | 
| . CS\ | (chip select) | 
[ meet moeee sees oe assed | see w een ete s+ s+ + 
| External data memory | DO to D7 (data bus) | 
| interface | AO to All,A, (addr. bus) | 
| | RD\ (read) | 
| : WR\ (write) | 
| ia a aie esl we ae sac aig a ee iS en’ la A, “4a es cl a" elas at ai ec a ls uc oi cai a lca al ei as kai 
| General purpose input | PO | 
| port | Pl | 
[Rea ee a SS ee a Se aS | eS SSeS eee Se | 
| General purpose output | P2 | 
| port | P3 | 


om am are amp Gas om ae GD GF ae GF GD GF GF am Get GF GD am ab OP ae G@® Gn Ge ee Ge an GF GF 4F 4H GE GF 4H a8 OF GF GE GP GH an GF a 28 GF et GH Gn Ga a8 a ew a G&S om oe a an 


NOTE: The status of the mode set pin (M/S) must be 
established prior to power-up of the device. Device 
behavior cannot be guaranteed if the Sekeing of the M/S pin 
is changed after power-up. 


Table 3-8. Pin configuration in slave mode. 
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Figure 3-36. 
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3.9.2 Memory map in slave mode. 


In slave mode, it is possible to add up to 8K words of 
external data memory. The first 4K words reside in the high 
speed memory area, and the second 4K words reside in the low 
speed memory area, as shown in Figure 3-37. 


The interface to the external data memory is made through an 
8—-bit bus comprised of pins DO thru D7. The data transfer format 
is specified by the DF bits of the status register (SR), which 
allows selection of 8, 16, 24, or 32-bit word lengths. 


Note that the instruction ROM cannot be externally expanded 
in slave mode. 
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Figure 3-37. Memory map in slave mode. 
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3.9.3 External data memory expansion in slave mode. 


Figure 3-38 shows an example of data memory expansion in 
Slave mode. The data memory interface is an 8-bit bus comprised 
of pins DO thru D7. 


1) 


2) 


The read/write specification for the external data memory 
is made by the RW bits of the CNT field of an OP 
instruction. 


When access to the external data memory is specified, the 
lower 12 bits of the address register (AR) are output 
through the address port (AP), and the MSB of AR is 
output through the A, pin to the external memory. 


3) Data transfer format is specified by the DF bits of the 


status register (SR). Word lengths of 8, 16, 24, or 32 
bits may be chosen. These word lengths are assembled in 
the data register (DR) from the 8-bit pieces brought in 
through the data bus. Figure 3-39 shows the data format 
For the various wordlengths. The timing of data 
transfers 1s shown in Figures 3-40 thru 3-43. 


Figure 3-38. Data 
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Figure 3-39. External data memory transfer formats 
in the data register. 
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Shaded areas indicate bit storage locations for each 
mode; the number in the shaded areas indicate the 
order in which the bytes are filled. 
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3.9.4 Interfacing with the host CPU in slave mode. 


In slave mode, data transfer between the uPD77230R and the 
host CPU is done over a l6-bit bus comprised of pins I/O 0 thru 
I/O 15. The data transfer format is specified by the IOL bit of 
the status register (SR), which selects either a 16-bit or a 32- 
bit word length. The data transfer formats are shown in Figure. 
3-44. Data transfer timing is shown in Figures 3-45 and 3-46. 


Figure 3-44. Formats for data transfers to and from host CPU. 
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3.9.5 General purpose I/O ports in slave mode. 


PQ and Pl can be used aS general purpose input ports in 
Slave mode. An internal flag is set according to the state of 
each of these pins, and these flags may be tested bv a 
conditional branch instruction. 


. P2 and P3 are general purpose output ports whose state is 
determined by the P2 and P3 bits in the CNT field of an OP 
instruction. The state specified in the OP instruction is 
maintained until it is. changed, or until a hardware reset is 
done. P2 and P3 are reset to 0 by a hardware reset. 


CHAPTER 4 INSTRUCTION SET 


4.1 General.: 


The ASP will decode microinstructions, loaded into the 
instruction register either from the on-chip instruction ROM or 
the external memory, and generate microcode for each functional 
block. Each block will follow this microcode from the 
instruction register decoder and perform the specified function. 


Instructions are all 32 bits long (single 32-bit word) and- 
are divided into different fields to specify each function. 
These specifications may be grouped into the following types: 


Specification of operation (ALU function and operands). 
Specification of transfer (Move from source to 
destination). ' 

Specification of pointer modifications. 

Specification of control modes for each functional block. 
Data Load Instruction (Load Immediate Data). 

Branch instructions (jump, call, return, conditional jump). 


+ + 


+ + + 
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4,2 Instruction Types 


ASP instructions all consist of a single 32-bit word. There 
are three pasic types of instructions: 


(i) 


(ii) 


(111) 


OP type instruction. 


This is an ALU operation instruction. 26 different 
operations may be specified in the upper 5 bits. 
Transfers may also be specified within an OP 
instruction, by use of the SRC and DST fields. Pointer 
modifications and control modes may be specified in the 
CNT field. By use of the various fields, a single OP 
instruction may perform several different tasks at 
once. 


Branch type instruction. 


This is the branch instruction. There are four types 
of branch: unconditional jump, conditional jump, 
Subroutine call, and return. A branch instruction may 
also simultaneously specify a transfer operation. 


Load type instruction. 
This is the Load Immediate Data instruction. rt 


performs a load of 24-bit immediate data to the 
specified destination register. 


Figure 4-1 shows the format of these basic instruction types. 


OP TYPE INSTRUCTION: 


31 __ 2] 26 15 14 13 12 10 9 >_4 0 
| OP(5) | CNT (12) IP 2] Q(3)1 SRC(5) | BST(5) | 
| papa tam pae papa tpae pe paetepaetetatatae tae tetaetaetaetetate tate te t—t-t-t-+- | 


BRANCH TYPE INSTRUCTION: 


31 28 27 15 14 10 9 5 4 0 
| B(4) | NA (13) | cC(5) | SRc(5) | vbstT(5) | 
| tata tae ta tata ta tata ta tata tata ta tataetataetatatetaetaetae tate ta—t—t—t— | 


LOAD TYPE INSTRUCTION: 


31 29 28 waze = 5 4 0 
ILDI 3| IM(24) | bDST(5) | 
| etapa tatatatatataeta tata tatatatae tae tata tata tat ante tatitatatit tte | 


Figure 4-1. Instruction type formats. 


4.3 OP Instruction 


This instruction specifies the ALU operation and operand(s), 


transfer 


operation (source and destination), pointer 


modifications and control mode changes. It consists of six 
fields, which perform the following functions: 


(i) 


(ii) 


(111) 


(iv) 


(v) 


(vi) 


The upper 5 bits of the instruction (OP fieid, IR3l1 - 
IR27) determine if the instruction is an OP 
instruction, and which type of ALU function is to be 
performed. 26 different OP codes (00H - 19H) may be 


specified. Note that codes 1AH and 1BH (1101X) specify 


a branch type instruction, and codes 1CH - 1FH (111XxX) 
specify a load immediate data-instruction. 


The CNT (control) field (bits IR26 - IR15) determines 
such specifications as addressing modes, pointer 
modifications, flag register switching, transfer format 
specification, loop counter decrementing, interrupt 
control, shift value specification, local branch 
address, ROM address value, etc. 


The P field (bits IR14 and IR13) specifies the P 
register input for the ALU operation, if an ALU 
operation that reaquires two operands is specified. The 
internal data bus (Or procesSing unit bus, if a working 
register is specified as the source), M (multiplier 
result) register, RAMO or RAM1 may be specified. 


The Q field (bits IR12 - IR10) specifies the Q register 
input for the ALU operation. One of the eight working 
registers (WRO - WR7) may be specified in this 
field. The operation result is stored back into the 
working register specified by the Q field. 


The SRC field (bits IR9 - IR5) specifies the source 
register for a transfer via the internal data bus. 32 
different source specifications are availabie. 


The DST field (bits IR4d - IRO) specifies the 
destination register for a transfer via the internal 
data pus. 32 different destination specifications are 
available (most are the sane as the SRC specifications) 
including two which perforin a Simultaneous load of tne 
two multiplier input registers. 


Except when a local jump is specified in the CNT field, the 
program counter automatically increments for the next 
instruction. 


The bit format of the OP instruction is shown in Figure 4-2. 
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Figure 4-2. Op instruction format. 
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4.3.1 OP Field 


This is the field which specifies the operation the ASP will 
perform in the floating-point ALU (FALU). It can specify the 
26 operations shown in Table 4-l. 


Table 4-1. Op field specifications. 


| MNEMONIC |_OP FIELD | OPERATION 


| {| 31,30,29,28,27 | 





° 
eo Gee SaEe Geers eens Gree Gees Gee oes Gee eee eee esee™ Gres CowwE ceme Goer Oe ee wee ee eee ee oe Cw 


i 

NOP | 00000 | NO OPERATION | 
INC | 00001 | INCREMENT | 
DEC | 00010 | DECREMENT | 
ABS | 00011 | ABSOLUTE VALUE | 
NOT | 00100 | NOT--ONE'S COMPLEMENT | 
NEG | 00101 | NEGATE--TwO'S COMPLEMENT | 
SHLC | 00110 | SHIFT LEFT WITH CARRY | 
SHRC | 00111 | SHIFT RIGHT WITH CARRY | 
ROL | C1000 | ROTATE LEFT | 
ROR | 01001 | ROTATE RIGHT | 
SHLM | 01010 | SHIFT LEFT MULTIPLE | 
SHRM | 01011 | SHIFT RIGHT MULTIPLE | 
SHRAM | 01160 | SHIFT RIGHT ARITHMETIC MULTIPLE | 
CLR | O17 05: | CLEAR | 
NORM | 01110 | NORMALIZE | 
CVT | 01111 | CONVERT FLOATING POINT FORMAT | 
ADD | 10000 | FIXED POINT ADD | 
SUB | 10001 | FIXED POINT SUBTRACT | 
ADDC | 10010 | FIXED POINT ADD WITH CARRY | 
SUBC | 10011 | FIXED POINT SUBTRACT WITH BORROW | 
CMP | 10100 | COMPARE (FLOATING POINT) | 
AND | 10101 | LOGICAL AND | 
OR | 10110 | LOGICAL OR | 
XOR | 10111 | LOGICAL EXCLUSIVE OR | 
ADDF | 11000 | FLOATING POINT ADD | 
| SUBF | 11001 | FLOATING POINT SUBTRACT _| 


The operation of all OP codes, along with their effect on 
the processor status word (PSW), are described in detail on the 
following pages. | 


Note that the PSW operation is valid onlv for the PSW 
selected at the time of the operation (although in some cases the 
carry bit of the other PSW will affect the operation). The 
abbreviations used for the effects of opérations on the PSwW Gre: 
OVFE, overflow of exponent; C, carry; Z, zero; S, sign; OVFM, 
overflow of mantissa. The indicators used are: $, affected by 
operation result; 0, reset to zero; 1, set to one; *, retains the 
previous value; X, undefined. 


ABS Absolute Value 


Contents of OP field: 
D31 D30 D29 D28 D27 
0 Q 0 1 1 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
The absolute value of the mantissa ‘stored in the working 
register specified by the Q field is returned to the same 
working register. The exponent is not affected. 

Operation result output: 
The result is stored in the working register specified by 


the G@ field after two instructions (see section on 
pipelining). 


54 46 31 0 


RET CRA LAT ST CTT ES EI TEENIE a CCT TEI ELIE PT DICE NEI IIL ES IT EIS NE IEE IDI TOR NRO IETS ETD 


ER LETS su S TESST [pv Rca IPECE da SrA RTE | 


[ | { | 
| | || ABSOLUTE VALUE 
V/ V/ 

31 


54 46 __ eee eee ree | 
a a 


PSW Operation: 


OVFE C Z S OVFM 


Special Case(s): 


If the input is &0...0H, the output will be 7F...FEH. This 
is the only case in which the CFVM bit will be set. 


ADD (Add Fixed Point) 


Contents of OP field: 
D31 D30 D29 D28 D27 
l 0 0 Oj, 0f 
Operand(s): 
1) The working register specified by the Q field. 
2) The contents of either the internal data bus, M register, 
RAMO, or RAMI, as specified by the P field. 


Description of operation: 


The mantissas of the two inputs will be added together. The 
exponent of the result will be set to 0. 


Operation result output: 


The result is stored in the working register specified by 
the Q field after two instructions (see section on 


pipelining). 
54 - 46_ 31 0 
oan CEameneNe Ss Ste laeete m NSE aIOE SOne ONENE SE? (Deir ORCI DOD RavnTN ea ENOSE ES Ur CTSA | 
+ ADD 
54 46 31 Q 


PSW Operation: 


_OVFE _C S__OVFM 
eo et 


Special Case(s): 


None. 
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ADDC Add fixed point with carr 


Contents of OP field: 


_D31_D30 D29 D28 D27 
[ijojyojijol] 


Operand(s): 


1) The working register specified by the Q field. 
2) The contents of either the internal data bus, M register, 
RAMO, or RAMI, as specified by the P field. 


Description of operation: 


The mantissas of the two inputs will be added together (with 
carry). The carry bit of the PSW not selected is used as 
the carry input to the operation. The exponent of the 
result will be set to Q. 


Operation result output: 
‘ The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


24 46 31 0 
© pe SURSiicks! eakece esses AiR CeeMSSE RENEE, nee Emme a In mCIn EP ORrsiesfe STUCCO, 
+ ADD 


54 46 31 0 


+ CARRY IN — | 


| 


54. 46 0 
Q HE A SLT 


PSW Operation: 


OVFE Cc Z § __OVFM 
Jo j $ | $ <j $ 


Note that the carry bit of the PSW not selected will affect this 
Operation's results. 


Special Case(s): 
None. 
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ADDF. (Add Floating Point) 


Contents of OP field: 
_D31_ D30 D29 D28 D27 
l 1 0 QO | 0 
Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
or RAMI, as specified by the P rield. 


Description of operation: 


Performs floating point addition on the inputs specified by 
the Q and P fields. 


Operation result output: 
The result is stored in the working register specified by 


the Q@ field after two instructions (see section on 
pipelining). 





54 —s«46 ee ee oe 
O toe 4 a We 
+ FLOATING POINT ADD 
54 46 3] 0 
: [| . a iW - 
[| LI 
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54 46 31 0 


PSW Operation: 


OVFE  C Z S___OVFM 
es ee esd 





Special Case(s): 


None. 


&-S 


AND Logical AND 


Contents of OP field: 

D31 D30 D29 D28 D27 

figotijfotil i 

Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 

Or RAMI, as specified by the P field. 

Description of operation: 
Performs a logical AND operation on the mantissas of the 
inputs. The exponent of the Q input will be preserved in 
the result. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


54 46  3y | 0 


/\ LOGICAL AND 


Bf nn 
| 
VV VV 

54 46 31 0 

Q fd ae 


PSW Operation: 
OVFE C Z S OVFM 
[| * 0 2 0 
Special Case(s): 


None. 


CLR Clear 


Contents of OP field: 
_D31 D30 D29 D28 D27_ 
Totvivijyoril 
Operand(s): 
The poring. eq tener specified py the Q field. 
Description of operation: 


Clears the working register specified in the Q field. Note 
that a floating-point 0 is defined by: 


Exponent = 80H, mantissa = QQ...0H 
Operation result output: 
The result is stored in the working register specified by 


the Q field after two -instructions (see section on 
pipelining). 


V V 
54 46 ee ee eee ee, 9 
Q 80H 000000000000H | 


PSW Operation: 

__ OVFE. Cc 4#  § OQVFM 
AO ER GE 
Special Case(s): 


None. 


CMP Compare 


Contents of OP field: 

_D31 D30 D29 D28 D27 

| 1 ) 1 QO 1 0 

Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMNO, 

Or RAMI], as specified by the P field. 

Description of operation: 
The P input is subtracted from the Q input (floating point 
subtract). The result is not stored. Since this is a 
compare instruction, only the flags in the PSW will change. 


Operation result output: 


The result is not stored. Only the PSW flags will change. 


54 4G cal | 0 
Fe ar ae ee Seer | 
~ FLOATING-POINT SUBTRACT 
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PSW Operation: 


OVFE__C Z S___OVEM 
pe ee RE Sa (Re eee eee ee a 


Special Case(s): 


None. 
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CVT Convert Floating-Point Format 


Contents of OP field: 
D31 D30 D29 D28 D27 
fot irift~r1i~Erli | 
Operand(s): 
The working register specified by the Q field. 


Description of operation: 


Converts the format of the contents of the working register 
specified by the Q field according to the condition 


specified by the FD bits of the CNT field, as shown below. 


Operation result output: 


The result is stored to the working register specified by 
the Q field after two instructions (see section on 


pipelining). 


| MNEMONIC | FD FIELD | DATA CONVERSION FORMAT SPECIFICATION | 
18,17 | 

| (NON) C0 | NO CHANGE IN SPECIFICATION 

| SPIE 01 | CONVERSION OF ASP FORMAT INTO IEEE 

| l | FORMAT (DEFAULT) © 

| LIESP l 10 | CONVERSION OF IEEE FORMAT TO ASP 

| | | 


FORMAT 


| ll __{ _USE PROHIBITED 


54 46 op! | 0 


FLOATING POINT 


| 
| 
|| FORMAT CONVERSION 


< 
i, Gomme 


24 46 1 0 


Lt A AN GANS RN 


PSW Operation: 


OVFE C¢ Z 5 OVFM 
be eo Oe 0. 


Difference between ASP and IEEE floating-point data formats: 


ASP format has an 8-—bit two's complement exponent, and 
either 24 or 47 bit mantissa, also in two's complement. IEEE 
format has an offset binary exponent, a sign-magnitude mantissa 
format (with the sign bit as the leading bit for the entire 
word), and the mantissa is normalized with the leading l bit 
"hidden". 

ASP to IEEE format consists of the 


The conversion from 
following steps: 


l. Add 7EH to the exponent part. 

2. Convert the mantissa to absolute value, rotate to 
the left one bit, fill LSB with 0, insert sign bit 
with sign of original. 

3. Rotate right 1 bit the most significant 9 bits 
(this will properly place the sign bit in front of 
the exponent). Store result back to Working 
Register. : 


The conversion from IEEE to ASP format consists of the 
following steps: 


Ls Rotate left 1 bit the most significant 9 bits 
(this will bring the sign bit back to the MSB of 
the mantissa field, and the exponent will be in 
the 8 MSBs of the. entire word). 

Ze Add 82H to the exponent part. 

3. If the sign bit is 1, rotate right 1 bit the 
mantissa, and then two's complement it. If the 
sign bit is 0, make it 1 and then rotate right l 
bit the mantissa (without two's complementing). 
Store result back to working register. 


Note that in either case, the conversion is performed ina 
Single instruction. 


Special Case(s): 


If the exponent in IEEE format is FFH or OOH, it is not 
regarded as a numeric value, and therefore has no meaning 
when converted. These correspond to exponents of 81H and 
82H in ASP format; therefore, these values should be trapped 
by the user's program. 


The exponent 80H (negative) in ASP format would be 
incorrectly translated as FEH (positive) in IEEE format; 
therefore, these values should also be trapped by the 
user's program. 
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DEC Decrement 


Contents of OP field: 
D31 D30 D29 D28 D27 
0 Q 0 1 0 

Operand(s): 
The working register specified by the Q@ field. 

Description of operation: 
Decrements (subtracts 1 from) the mantissa of the working 
register specified in the Q field. The exponent part will 
be unchanged. 

Operation result output: 
The result is stored to the working register specified by 


the Q field after two instructions (see section on 
Pipelining). 


54 46 31 0 
Cpt a i et a tae eee oe se 
| | | | 
| | || DECREMENT (-1) 
V/ V/ | 
oA: |: eee a ae eee ee ee ee Oe ERE” a 
a a a ae eee 


PSW Operation: 
OVFE C Z S OVFM 
5 Ss eee eee RO eS (ee | 
Special Case(s): 
A mantissa input value of 00..00H will decrement to FF..FEH, 


and a mantissa input value of 80..00H will decrement to 
7F..FEH. 


INC Increment 


Contents of OP field: 
D31 D30 D29 D28 D27 
0 Q 0 Q l 

Operand(s):; 
The working register specified by the Q field. 

Description of operation: 
Increments (adds 1 to) the mantissa of the working register 
specified in the Q Field. The exponent part will be 
unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 





INCREMENT (+1) 


< 
roa 


| <nES SOUR: DR | 
Q 2 


PSW Operation: 
OVFE C Z S OVFM 
* 
Special Case(s): 
A mantissa input value of FF..FEH will increment to 00..00H, 


and a mantissa input value of 7F..FEH will increment to 
80..00H. 


NEG Neqate 


Contents of OP field: 


D31_D30 D29 D28 D27 
0 0 1 Oj1 


Operand(s): 
The working register specified by the Q field. 
Description of operation: 


Takes 2's complement of the mantissa of the working register 
specified by the Q field. The exponent part remains 
unchanged. 


Operation result output: 


The result is stored to the working register specified by 
the Q field after two instructions (see section on 
pipelining). 


54 46 31 Q 


= ae i _ ee ee 1! 
| | || 2'S COMPLEMENT 
V VV 
54 _—sG 3) 0 
Q | BL ea a i a a te 





PSW Operation: 


OVFE C Z S OVFM 
fe eee ee ee ee ee 


Special Case(s):; 


A mantissa input value of 80..00H will negate to itseif 
(80..00H). This is the only case in which the OVFM bit of 
the PSW will be set. 


NOP No eration 


Contents of OP field: 
D31_ D30 D29 D28 D27 
0 0 0 Oj 0 
Operand(s): 
None. 
Description of operation: 
No operation. 
Operation result output: 


None of the contents of any register will change. 


PSW Operation: 


OVFE C Z S OVFM 


TEM AIRS a 


* * * * | * | 


Special Case(s):; 


None. 
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NORM Normalize 


Contents of OP field: 

D3] D30 D29 D28 D27 

| 0 lL l l 0- 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Converts the data in the working register specified by the Q 
field according to the procedure specified by the NF bits of 
the CNT field, as shown below. 

Operation result output: 
The result is stored in the working register specified by 


the @ field after two instructions (See section on 
pipelining). 


| MNEMONIC |_NF FIELD | ° NORMALIZATION FORMAT SPECIFICATION 
| 21,20,19 | 


| 

| 3 

010 | TRUNCATING NORMALIZATION (DEFAULT) | 
| | 

| 

| 


[| (NON) | 000 NO CHANGE OF SPECIFICATION 

| TRNORM | 

| RDNORM | 100 ROUNDING NORMALIZATION | 
| FLIFIX | 110 [| CONVERT FLOATING TO FIXED POINT 
| FIXMA | 111 | FIXED POINT MULTIPLE* ALIGNMENT 


* Multiple value is in SVR. 


1) Normalization with truncation. 


The value obtained by the SAC circuit is input as a 
Shift amount to the barrel shifter. Mantissa is shifted by 
the barrel shifter and input to the ALU. The value obtained 
by the SAC circuit will also be subtracted from the 
exponent. If underflow occurs at this time, both the 
exponent and mantissa will be set to their underflow 
Saturation values. "Truncation" implies that if the 
normalized data is transferred to a 32 bit register, the 
lower 23 bits will be truncated. 


PSW Operation: 


OVFE C z S OVFM 
[i s {| 0 | $ [| §$ J 0 | 


a 


3) 


Normalization with rounding. 


After normalizing as in (1), the number is rounded to 
32 bits using bit 22 of the result as a rounding input (l.e. 
if it is set, 1 will be added into bit 23). This minimizes 
the error that would be caused by truncating off the lower 
23 bits of the working register when moving it to another 
register that is only 32 bits long. If overflow occurs fron 
the rounding addition, al bit right shift is performed and 
the exponent is incremented by 1. If exponent overflow 
occurs, both the exponent and the mantissa are set to their 
overflow saturation values. 


PSW Operation: 


OVFE C Z S _OVEM 
ee Oe ew eee Ee eee 
Floating to fixed point conversion. 


Converts floating-point data to fixed-point data. If 
the sign bit of the exponent is positive, the mantissa is 
arithmetically shifted to the left N bits, where N equals 
the exponent. If the exponent value is greater than the 
value obtained by the SAC circuit, then the mantissa is 
set to its overflow saturation value and the overflow flag 
is set. 

If the sign bit of the exponent is negative, the 
mantissa is arithmetically shifted N bits to the right, 
where N is the two's complement (absolute value) of the 
exponent. 

The exponent of the result is set to Q. 


PSW Operation: 


OVFE C Z S___OVFH 
Beaver Seen ene (eis Ae 


Fixed-point multiple (digit) alignment. 


Arithmetically shifts the mantissa N bits to the left. 
The value of N is specified by either the SVR register or 
the SHV bits in the CNT field. If the SVR/SHV value is 
greater than or equal to 46, the mantissa becomes 0 and the 
overflow flag is set. The exponent is set to 0. 


PSW Operation: 


OVFE C42 S ___OVEFM 
iG Jj $ Jj §$ | $ <j $ J 


Special Case(s): 


See separate descriptions above. 


NOT Not 


Contents of OP field: 
D31 D30 D29 D28 D27 
0 0) 1 | 0 0 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Inverts (takes the 1's complement of) the mantissa of the 
working register specified by the Q field. The exponent 
part remains unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


54 46 a 31 O_. 
Q Sa | BUSSINESS 1 
{| 1'S COMPLEMENT 


54 46 Sa 0 
2 ee SEES ey, EIS EE reece eee ee ene) Ree et een er awe arene Peer: | 


Gm 


PSW Operation: 


OVFE C Z S OVFM 
= Q Q 


Special Case(s): 


None. 


OR LOqical OR 


Contents of OP field: 
D31 D30 D29 D28 D27 
a 0 1 1 0. 
Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
Or RAMI, as specified by the P field. 
Description of operation: 
Performs a logical OR of the mantissas of the P and Q 
inputs. The exponent of the Q input will be preserved in 
the result. 
Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


oe 
ea) 
J 
I~ 
© 


541146 °°  — 3d | 
Pp | a a 
| I 

V VV 
54 46 31] 0 


PSW Operation: 

OVFE C S OVFEM _ 
Se A A A col 
Special Case(s): 


None. 


ROL (Rotate Left) 


Contents of OP field: 

D31 D30 D29 D28 D27 

fojijojyoajod ti 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Rotates the mantissa of the working register specified in 
the Q field one bit to the left. The MSB of the input 
mantissa will appear as the LSB of the output mantissa. The 
exponent remains unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 








54 46 31 oOo. . 
© nme) MOORMAN ce a ee IRE A(T een Dean EI 
fl of Ud - | | | 
| | \l | | / 
FS Sak, ee, eeeere ene 47 J | 
VI LI l\ 
54 Vv | \V/ VV 
i a ae 


PSW Operation: 

OVFE C Z S ___OVFM 
et dO fd 
Special Case(s): 


None. 


ROR Rotate Right 


Contents of OP field: 

_D31 D30 D29 D28 D27 

JO ti j] 0] 0 | i | 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Rotates the mantissa of the working register specified in 
the Q field one bit to the right. The LSB of the input 
mantissa will appear as the MSB of the output mantissa. The 
exponent remains unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


PSW Operation: 


OVFE C Z S OVFM 
: 0 0 


Special Case(s): 


None. 
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SHLC (Shift Left with Carry) 


Contents of OP field: 
_D31_D30_D29 D28 D27_ 
0 Q a l QO | 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Shifts the mantissa of the working register specified in 
the. Q field one bit to the left. The MSB-of the input 
mantissa will appear in the carry bit of the PSW selected. 
The carry bit of the PSW not selected will appear as the LSB 
of the output mantissa. The exponent remains unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
Pipelining). 





46 31 
: | | | | | 7 
C <---|[- | l | r / 
| | “¥ // | / 
VI || | | 
54 Vo V/ VV 
Q * . x * 


PSW Operation: 


OVFE C Z S OVFM 
jf * | s | §$ | $§$ {| CO | 


Note that the carry bit of the PSW not selected affects this 
operation's result. 


Special Case(s): 


None. 
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SHLM (Shift Left Multiple) 


Contents of OP field: 


_D3 
0 
Ope 


Des 


Ope 


1 D30 D29 D28 D27 


1 Q 1 Q 


rand(s): 
The working register specified by the Q field. 
Cription of operation: 


Shifts the mantissa of the working register specified in 
the Q field Nbits tothe left. The value of Nis specified 
in either the SHV bits of the CNT field, or in the SVR 
register (0 <=N <= 46 ). The direction bit of the SHV or 
SVR is ignored. The N MSBs of the input will be discarded, 
and the N LSBs of the result will be filled with zeroes. 
The exponent remains unchanged. 


ration result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


a a 
a ee 
|| 7 // / 

[| / ff / 

l | / // / 

Vf // / 
54 V V | | V 
Oa ee 
| (N bits) 


PSW Operation: 


OVFE _C Z S___OVFM 
Re Fe! EN (Et Se a | 


Special Case(s): 


None. 
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SHRC (Shift Right with Carry) 


Contents of OP field: 
D31 D30 D29 D28 D27 
0 0 1 1 {1 | 

Operand(s): 
The working register specified by the Q field. 

Description of operation: 
Shifts the mantissa of the working register specified in 
the Q field one bit to the right. The LSB of the input 
mantissa will appear in the carry bit of the PSW selected. 
The carry bit of the PSW not selected will appear as the MSB 
of the output mantissa. The exponent remains unchanged. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 











54 46 31 0 
nue | ae oe > 
Ct --=| |= | [ \===> ¢ 
LINN \\ | 
Ww ald [| | 
54 V_V Boo cet Sens ta ik maint tetas gO ane tc els sae 
EI NOSE Sof 8 PNR er eee rE eS EEE (ISD Ste erie TSE EE DOE 5 


PSW Operation: 


__OVFE C Z S OVEM 
a ee ed nO 


Note that the carry pit of the PSW not selected affects this 
operation's result. 


Special Case(s): 


None. 


SHRAM (Shift Right Arithmetic Multiple) 


é 


Contents of OP field: 


D31 D30 D29 D28 D27 


Q 


1 1 Q Q 


Operand(s): 


The working register specified by the Q field. 


Description of operation: 


Arithmetically shifts the mantissa of the working register 
specified in the Q field N bits to the right. The value of 
N is specified in either the SHV bits of the CNT field, or 
in the SVR register (0 <=N <= 46 ). The direction bit of 
the SHV or SVR is ignored. The N LSBs of the input will be 
discarded, and the N MSBs of the result will be filled with 
the value of the sign bit before the shift. The exponent 
remains unchanged. 


Operation result output: 


The result is stored in the working register specified by 
the Q field after two instructions (see section on 
pipelining). 





Nc ht Seer ee. en 
Il oUTIN \\ \ 
bl oTbaN \\ \ 
lt oTTEIN \\ \ 
VU LTTEIN \\ \ 
VVVVVVV ee ee ae 
Q SSS __S Ba ce 
(N bits) 


PSW Operation: 


OVFE C Z S OVFM 
ee ey ee ee ee ee 


Special Case(s): 


None. 


4-28 


SHRM (Shift Right Multiple) 


Conte 


nts of OP field: 


D30 D29 D28 D27 


D31 


0 1 0 1 1 
Operand(s): 
The working register specified by the Q field. 
Description of operation: 
Shifts the mantissa of the working register specified in 
the Q field N. bits to the right. The value of N is 
specified in either the SHV bits of the CNT field, or in the 
SVR register (0 <=N <= 46 ). The direction bit of the SHV 
or SVR is ignored. The N LSBs of the input will be 
discarded, and the N MSBs of the result will be filled with 
zeroes. The exponent part remains unchanged. 
Operation result output: 
The result is stored in the working register specified by 
the Q field after two instructions (see section on 
pipelining). 
54 46 31 0 
2 Ae eNOS Seen iret ke ener EE eee anes (Ae ane SON em E ane a | 
| | \ \\ ‘ 
[ | \ \\ x 
| \ \\ ‘ 
V \ \\ ‘ 
ae eee Se eee eee eee ane? Le es Re Oe ee ROIS OS 
Q | | O00 * | 
(N bits) 


PSW Operation: 


OVFE  C_ Z S OVFM 
Ges Zee ee ee Ce ~ (ae L |  | 
Special Case(s): 


None. 
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SUB__ (Subtract Fixed-Point) — 


Contents of OP field: 
D31 D30 D29 D28 D27 
1 0 Q Q 1 
Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
Or RAMI], as specified by the P field. | 
Description of operation: 
Performs fixed-point subtraction. The mantissa value of the 
-P input is subtracted from the mantissa value of the Q 
input. The exponent of the result will be set to 0Q. 
Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


54 46 33 | 0 
a ar 
- FIXED POINT SUBTRACT 
54 46 31 0 
P Fn reer ara = 
I | 
V 
54 46 31 0 


eee a ee 


PSW Operation: 


OVFE C Z S OVFM 
0) ; 


Special Case(s): 


None. 
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SUBC Subtract fixed point with carr 


Contents of OP field: 


D31 D30 D29 D28 D27 
1jololliid 


Operand(s): 


1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
or RAMI, as specified by the P field. 


Description of operation: 


The mantissa of the P input will be subtracted from the 
mantissa of the Q input. The carry bit of the PSW not 
selected is used as the borrow input to the operation. The 
‘exponent of the result will be set to 0. 


Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 





54 46 31 _ 0 
Q | | eee, eee RO eee ne EEE OTST, | 
- SUBTRACT 
2 EE, |: Se a ee ee ae ee eT 2! eaten ETS, ee ear © s 
P td 
| | lI ~ BORROW IN | | 
VU V 
54 46 31 0 
A ra ea ee eh es es 


PSW Operation: 


_OVFE CZ SCO 
Co ps sts si 


Note that the carry bit of the PSW not selected will affect this 
operation's results. 


Special Case(s): 


None. 
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SUBF Subtract Floating Point 


Contents of OP field: 
D31 D30 D29 D28 D27 
1 l 0 Oj 1 | 
Operand(s): 
1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
Or RAMI, as specified by the P field. 
Description of operation: | 
Performs floating point subtraction on the inputs specified 
by the Q and P fields. The P input will be subtracted from 
the Q@ input. 
Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


54 46 | sees Be 0 


SDs. Guth Gan BED ! Wi SDA aE a Re elias ARES 


re a eect ea gece pce ee ee 
- FLOATING POINT SUBTRACT 


54 46 31 0 
aS EAS (SEAR eee eee: ee ae eRe eee | 


| [ | 
| [| 
V 
54 46 . 31 0 
A a a ee 


<= 


PSW Operation: 


sSONER C24 5 OVEN 
eee 


Special Case(s): 


None. 
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XOR Logical Exclusive OR 


Contents of OP field: 


D31_ D30 D29 D28 D27 
1 0 1 1 1 


Operand(s): 


1) The working register specified by the Q field. 
2) The contents of the internal data bus, M register, RAMO, 
Or RAMI], as specified by the P field. 


Description of operation: 
Performs a logical XOR (exclusive OR) of the mantissas of 
the P and Q inputs. The exponent part of the Q input will 
be preserved in the. output. 

Operation result output: 
The result is stored in the working register specified by 


the Q field after two instructions (see section on 
pipelining). 


lin 
> 


A aa ee 0 
Sa de 





PSW Operation: 

OVFE C Z S___OVFM 
A ER (SR | SS ee ee ces | 
Special Case(s): 


None. 


Table 4-2 summarizes the bits of the PSW that will be 
affected by the various instructions. 


| ALU a CONTENTS OF PSW 
{ OPERATION l VFE l Z i i _OVFM 
| NOP 
| INC 
| DEC | 
| ABS | 
| NOT | 
| NEG | | 
| SHLC | 
| SHRC | 
| ROL | 
| ROR | 
| SHLM | 
| SHRM | 
| SHRAM [ 
| CLR | 
| NORM (NORM.) | 
| | 
| | 
| | 
| | 
| 
| | 
| | 
| | 
| | 
| | 
| 
| | 
| | 


| 
} 


(ROUNDING) 
(FLT - FIX) 
(FIX M. A.) 

CvT 

ADD 

SUB 

ADDC 

SUBC 

CMP 

AND 

OR 

XOR 

ADDF 


| SUBF | S | ee Se ee Oe (ieee eee 


Flag will be affected by the result of the operation. 
Flag will be reset to "0". 

Flag will be set to "1". 

Previous condition of flag will be preserved. 
Undecided. : 

If the original data in the mantissa was 80---0H, 
OVFM = "1" after operation. 
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Table 4-2. Effects of ALU operations on PSW flags. 
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4.3.2 Q Field. 


The Q field specifies the input to the Q register, which is 
used for the ALU operation. The Q field is a 3-bit field which 
specifies one of the 8 working registers (WRO thru WR7). 


1) The working register specified by this field is input 
to the Q register and iS operated on by the ALU. 

2) The result of the ALU operation is output back to the 
working register specified by this field. , 

3) The working register specified by this field may also 
be specified in the SRC field at the same time. In 
this case, the data in the register prior to the ALU 
operation is sent to the internal bus. 

4) If the working register specified by this field is also 
specified by the DST field at the same time, the 
contents of the internal bus are input to the Q 
register, and then the ALU operation is performed. 

5) If the working register specified by this field is also 
specified in the Q field of the next instruction, the 
result (ALU output) of the present instruction becomes 
the input to the @ register for the next instruction 
(this means that continuous operations on the same 
working register are possible). 

6) If the working register specified by this field is also 
specified by the SRC field of the next instruction, the 
value output to the internal bus (for the transfer 
Operation of the next instruction) is the value of the 
working register before the ALU operation of the 
Current instruction. In other words, the ALU result 
value is not saved in the working register in time to 
be used as the source for the next instruction. 

| MNEMONIC |_Q FIELD | REGISTER SPECIFICATION | 
| [| 12,11,10| ee ___ | 
| WRO | 000 | WORKING REGISTER 0 | 
| WRI | OOo1 | WORKING REGISTER 1 | 
| WR2 | 010 | WORKING REGISTER 2 | 
| WR3 | Oll WORKING REGISTER 3 | 
| WR4 | 100 | WORKING REGISTER 4 | 
| WRS5 | 101 | WORKING REGISTER 5 | 
| WRO | 110 WORKING REGISTER 6 | 
[| _WR7 [| 111 | WORKING REGISTER 7 | 


TABLE 4-3. Q field specificatons. 


4.3.3 Pp EF 

The P 
the input 
the ALU fo 


1) 


2) 


3) 


ield. 


field is a 2-bit field which specifies the source of 
data to the P register, which is used as an input to 
r operations requiring 2 operands. 


If the internal bus (IB) is specified in this field, 
the contents of the register specified in the SRC field 
are input to the P register. If a 55-bit register 
(either a working register or the multiplier result 
register M ) is selected, it is input unchanged (55 
bits wide). If a register with 32 or fewer bits is 
selected, the value on the internal bus is input into 
the upper 32 bits of the P register, with the lower 23 
bits of the P register set to 0. Tf no SRC 
specification is made (NON), all 55 bits of the P input 
are set to l. 


If the M register is specified, the contents of the M 
register are sent to the P register via a sub-bus (55 
bits wide) which is independent of the internal bus. 


If RAMO or RAMI is specified, the contents of RAMO or 
RAMI are sent to the P register via a sub-bus (32 bits 
wide) which is independent of the internal bus. The 23 


lower bits of the P register are filled with O's. 


| MNEMONIC 


| IB 

| M 

| RAMO 
RAM1 


| 
| | 14,13 : 
| 
| 


|_ P FIELD INPUT OF P REGISTER SPECIFICATION 


: 
| 00 INTERNAL BUS | 
| ol MULTIPLIER OUTPUT REGISTER | 
| 10 RAM BLOCK 0 7 | 

11 RAM BLOCK 1 | 


Table 4-4, P field specifications. 
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4.3.4 CNT Field 


The CNT field is a 12-bit field in the OP instruction. It 
has the following functions: specification and modification of 
pointers, change of flag register, specification of format to be 
used for transfers, loop counter decrement, and mode controls of 
other functional blocks. 


Fach function field in the CNT field is described in one of 
the following sections. Note that some function sub-fields 
affect the operation of the current instruction, while some do 
not take effect until the next instruction. 


The format of the fields within the CNT field is determined 
by the upper 2 - 5 bits of the CNT field. Control field format 
is shown in Figure 4-3. 


A summary of the various CNT sub-fields, grouped by 
functional area, is given in Table 4-5. Also shown is whether 
any given sub-field is effective on the current instruction (*), 
Or on the next instruction (-->). 


LESCOL SL LTAT EE TLIO ERED TASTE LOTTY ERY EET LEE 


[0 0| MO | Ml | DPO | DPl | 
[0 1 0 0O| EA | DPO | DP1l | 
[0 1 0 1{ RP {| MO | DPO [FC] 
[O01 1 O| RP | Ml | ppl |FCc{ 
[0 1 1° 1{ RP | MO | Ml | LIFC] 
1-1 0 0 0 Oj  BASO | BAS1 [FC] 
[l 0 0 0 1] RPC [--| LIFC] 
[1 0 0 1 O|P3|P2/EM| BM | LIFC| 
[1 0 0 1 | RW l-------- | LIFC| 
[1.0 1 0 O| wr |----- ["LIFC| 
[l 0 1 0 1| NF | Wi | LiFcl 
[10 1 1 O|  FiS | FD | LI--] 
[lo 12 1 2 SHV Set 
a ay RPS | 
awe NAL | 


Figure 4-3. Control field format. 
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Table 4-5. Control fields. 


owe Eee CRE Gee Gay GO GEES Guest GED Gee Gus Gu Ges: eee EE 


| __GROUP | _FIELD_ FUNCTION * / ==> 

| Interrupt | EM, BM | Enable and disable maskable| --> | 

| | | interrupt, and control | | 

| | interrupt memorization. |! ! 

| PSW | FIS | PSW control (select and | * | 

| ! | clear) | | 

| | FC | Select other PSW |. * | 

Data ROM | RP | Controls ROM pointer | <--> | 
Pointer | : | operation | | 

| RPC | Specifies n value for [| <=> | 
| | special manipulation of | | 
| |} ROM pointer | | 
| RPS | Specifies 9 lower bits of | <--> | 

| | | data ROM address | 

| Data RAMO | MO | Specifies RAMO addressing | <--> 

| and RAMI | | mode | 

| Pointers | Ml | Specifies RAM] addressing | <--> 

| | | | mode | 

| | DPO | Controls modification of | -=> 

| | | base pointer 0 and index | 

| | | register 0 | 

| | DPl | Controls modification of | --> 

| | | base pointer 1 and index | 

| | | | register l | 

| | BASEOQ | Specifies counter length | ==> 

| | | of modulo count operation | 

| | | of base pointer 0 | 

| | BASEL | Specifies counter length | -=-> 

| | | of modulo count operation | 

| | of base pointer 1] 

| Data Format | FD | Controls conversion mode | * | 

| Conversion | | for floating point CVT. | | 

| | WI | Controls transfer format | <--> | 

| | | when working register is | | 

| | | specified in DST field. | | 

| | WT | Controls transfer format | --> | 

| | | when working register is | | 

| | | specified in SRC field. | | 

* 


| Normalization| NF 
| Specification | 
| 
| | 


| 
| 
| 
| 


Specifies normalization, 
normalization with round- 
ing, floating-point to 
fixed-point conversion, or 


--—> Effective starting with the next instruction 
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| digit alignment | 


% Effective starting with the current instruction 


Table 4-5. .cont'd. 


| Shift | Shift | SHV. | Controls amount of shift | * 

| nt | for 47-bit mantissa | : 
| Data Memory | RW | Specifies read/write * | 
| Access | | operation for external | | 
| | | memory | | 
| EA | Increments or decrements | * | 
| | | external address register | Sel 
| General- | P2 | Controls state of P2 pin | --> | 

| Purpose | P3 | Controls state of P3 pin | <--> | 

| Output Port |  _ esa | | 

| Loop SounSSE | Decrements loop. counter | == : 

| Jump. | Specifies unconditional | | 


: | local jump address | : 
 Bffective Starting with the current instruction 
==? Effective starting with the next instruction 


* 
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BASEO 

Function: . 
This 3-bit field determines the modulo count for base 
register 0 (part of the data RAMO pointer functional block) 
by specifying the bit length n of the 2*¥*n modulo counter. 
A modulo count of 2**1]1 through 2**7 can be specified. If 0 


is specified in this field, a normal binary count operation 
is performed. 7 


Notes for use: 
* The default condition after hardware reset is normal 
binary count. 
* This field is effective starting with the instruction 
after the one in which it is specified. 


Mnemonic table: 


| MNEMONIC | BASEO FIELD | SPECIFY MODULO COUNT NUMBER 


| 

Daan eee cee, een 2 50° a See ee ae ee ee er ree 
| MCNBPO imm | (imm)B | SPECIFY BIT LENGTH N FOR 2**N | 
| | | FOR INCREMENTING BASE | 
7 POINTER 0 | | 


* imm (=n) is 1 through 7; 0 specifies ordinary count 


Field format: 








31 2 6 eer 15 14 13 12 10 9 54 0 
| OP(5) | CNT (12) IP 21 Q(3)1 SRC(5) | DST(5) | 
| t-te ta ta—t— tata ta tata tata tata tatatatetetatatetetetat-t-t-4-4-4- | 
LT} ttt Ll itd 
1} tt td lt id tl 
T/S/S4SF L\\ \N\NN\NN 


Lo Of. naa [| Mi | oppo | ppl | 
{0 1 0 0] EA] ppo |  DPl 
[oO i 0 1{ RP | MO j ppo {[Fc| 
0] 2 g RE M1 pF. FC 
[Oo 1 1 2] [| mo | “LIFEC] 
{1 0 0 or BASEO |_ ao [FC | 
{1 0 : 0 1] RPC. —sJ-- | LIFC| 
[i 0 0 1] OLP31P2 LEM I BM | LIFC] 
1 0 0 1 +#2{ RW [------ aaj _LIFC{ 
[i 01 0 0f 7 ----- | LIFC 
1 0 1 0 1{ NF | wrti{ oijrc{ 
[1 0 1 1 0] FIs | Fp | L{--] 
£1 01 12 1] _ SHV. 
[1 1 Of ____RPS 
[1 1 lf ______NAL l 


BASE1 





Function: | 
This 3-bit field determines the modulo count for base 
register 1 (part of the data RAM] pointer functional block) 
by specifying the bit length n of the 2**¥n modulo counter. 
‘A modulo count of 2**1 through 2**7 can be specified. If 0 
is specified in this field, a normal binary count operation 
is performed. 


Notes for use: © 
* The default condition after hardware reset is normal 
binary count. 
* This field is effective starting with the instruction 
after the one in which it is specified. 


Mnemonic table: 


[| MNEMONIC [| BASE1 FIELD | SPECIFY MODULO COUNT NUMBER 
J. ere eae ey ee Ba cs es 
i MCNBP1 imm | (imm)B | SPECIFY MODULO COUNT NUMBER 

| 


| | (2**N) FOR INCREMENTING BASE 
| POINTER 1 _ 


* imm (=n) is 1 through 7, 0 ~ specifies Ordinary count 


Cm Go Games eee Gece 


Field format: 











31 27 26 15 14 13 12 10 9 5 4 0 
| OP(5) | CNT (12) [IP 2] Q(3)1 SRC(5) | DST(5) | 
| ete teteateatetetetetaqteteqtaeteteoteteteteteteteteteqeteteqetetqtetet-t+— | 
ee ee ee ee ee ee 
ee ee ee ee ee 
LATIF FES NY YN YSN 
J////7 1 | | t TNNN 
J///7\ Jt | t EE tT ITNNAN 
/ 7 | | | | | ! = | | %, 


| \ 
fut 512 4123 |27121/20139128127 1161231 
10 a [| Ml [  pDPpO | ppl | 
| 0 i O| EA | pDpO | ppl | 
| g “34-9 [ RP | MO | DPO [FC] 
|_0 | RP | Ml | DP1 [FC] 
| 0 : : | RP | MO | Ml | LIFC] 
{1 [ BASEO | BASE1 [FC| 


Oi IO 








BM, EM 


Functions: 


Notes 


Mnemo 


A combination of the EM and BM fields enables or disables 
the maskable interrupt, and determines if a maskable 
interrupt input Signal, occurring while in the interrupt 
disabled condition, will be memorized for future use (see 
table below) . If the memory function is turned off, any 
interrupt that was already memorized will be reset. After 
hardware reset, the maskable interrupt and the memory 
function are disabled. When either a maskable or non- 
maskable interrupt occurs, the maskable interrupt is 
disabled. 


for use: 

* This field is effective starting with the instruction 
after the one in which it is specified. 

* Because P2, P3, EM, and BM are all specified together in 
the same instruction (they co-exist in one particular CNT 
field format), care should be exercised when specifying 
any one of them, to avoid inadvertantly changing the state 
of any of the others. For example, suppose P2 was 
previously set high, and it should remain that way. Then, 
if EM is specified to enable interrupts, the P2 field 
should again specify 1. If this specification is omitted 
in the instruction, it will default to 0. 


nic table: 


NNEMONIG _{[_EM BM FIELD | OPERATION FOR MASKABLE INTERRUPT 


| 
| 
| 
| DI 
| EI 
: EI 
| EI 


BOOKING FLAG 


| 

[___ EM 19 “18 17 | l 
(NOP ) ay | o.. 0 | NO OPERATION | 
(NOP) CLRBM |] : 0 1 | CLEAR BOOKING FLAG | 
(NOP) SETBM | 0 1 0 | SET BOOKING FLAG i 
(NOP) | 0O l 1 | INTERRUPT DISABLED 3 [ 

(NOP) | 1 0 0 | INTERRUPT ENABLED | 

CLRBM | 1 0 l1 | INTERRUPT ENABLED AND CLEAR | 

| | BOOKING FLAG | 

SETBM : 1 1 0 | INTERRUPT ENABLED AND SET | 

| | 

_| 


* 
* 


_ [| 1 1 1 | USE PROHIBITED _ oe 
DEFAULT: INTERRUPT DISABLED AND CLEAR BOOKING FLAG 


WRITING "(NOP)" IS NOT NECESSARY, JUST USEFUL FOR 
REMEMBERING THE AVAILABLE COMBINATIONS AND THEIR EFFECTS 
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Field format: 


31 


OP (5) 


/ 


NN 


0 
Q 
Q 
Q 


}—}— |-_— 
fp 


C 





a ae 
a 


| 
126125124123] 


2 


| 
[-t—t—t—-+-+- 

| 

| 


_ 


726 


ee 
Saneeee 
Sata a abe 


an A 


ie ee | 


/ | 


a 


| | 
25124} 23 
O| MO 


ae 
| 


a 





OOO 
~ 


Ojo 
| 
i 
'Z 
2) n 
| 
fas 
ome | 
= 
ct 
e 
Q 


re 


ES OE 


COlO|H|Hlololw 


th | 

Hlolo 

1 | | 

po ts 
-~ 


CNT 
wwe 
| | 
| | 


ae ae ae ae aa 


Ji 0 0 0 jf 
1 0 0 1 OjP3{P2Z 
1| RW 


| | | 
22{21120] 
Mi | 


= 
b 





—_— oo a an aw =e aE 


| | | TN 
19{18]17|16]15] 
DPO | DPl | 
10.1 0 0] EA | DPO | DP1 | 
1 0 i{ RP | MO |  DpPO [FC] 
11 O| RP | Ml | DPl.|FCI 
{RP {| MO {| Ml [ LIFC{ 
_O|__BASEO | BASE1 {FC| 
1 2RPC...J=—) DPE 
2|/EM| BM | LIFC{ 
pioioncosanredl OES TEL OR | 


( 


cn) 
. 


5_4 0 








DPO 


Function: 


The DPO field (3 bits) specifies counting and clearing 


operations for the base and index registers, which are used 
for addressing data RAM 0. The following functions may be 
specified: 


Notes for us 
* This 


Clear the contents of either the base or the 


index register. 


Increment or decrement either the base or the 
index register. 


Increment or decrement operations performed on 
the base register will conform to the modulo 
count specified in the BASEO field. 


Add the values of base and index registers and 
store the sum in the index register. 


e: 
field is effective starting with the instruction 


after the one in which it is specified. 
Mnemonic table: 
| MNEMONIC [DPO FIELD | POINTER MODIFICATION | 

ee a | OPERATION | 
| (NOP) | 000 — NO OPERATION | 
| INCBPO | 001 | INCREMENT BASE POINTER 0 | 
| DECBPO | 010 | DECREMENT BASE POINTER 0 | 
| CLRBPO | 011 | CLEAR BASE POINTER 0 | 
| STIX0 | 100 | STORE BASE + INDEX TO INDEX | 
| | I REGISTER 0 | 
| INCIXO | 101 | INCREMENT INDEX REGISTER 0 | 
| DECIXO | 110 | DECREMENT INDEX REGISTER 0 | 
| _CLRIX0O | lil | CLEAR INDEX REGISTER 0 _ | 


Field format: 


ED GEG I Soo Sy Qaaes Ow -+- , 


a 


jf 

(2625 .24)23 2221 20 29/28/17126 113 
10 O] MO | Ml | ppo { ppl | 
{0 1 0 0] EA | ppo [ ppl | 
{0 d od RP | MO | DPO _ LES 
[0 1 RP | Ml |  DPl {FC{ 
ro 1 RP | MO {| Mi | LIFC{ 
-1_0 0 0 Oj BASEO | BASE1 [FC] 

i 0-2 ~ 1]... REC [--|_ 


LIFC{ 
_O|P3{P2{/EM| BM | L{FC] 
W_{- 





}— 
© 
en) 


er ee es =o-=-=-- |_ UIE C) 
RS a a ae 0 0 ee ae _LIF¢Ct 
Ji 0 1 0 Jf NF | wt | LiFC| 
tigi i OF £ts__|_—ip_i_ij=-l 
Chee ee ea : re ee 
i a OT ae 9 eens | 
fee See eee eee ee |) See eee eee 








54 0 


eee 


DST(5) | 
-+-+-+-+- | 


DPi 


Function: 
The DP1l field (3 bits) specifies counting and clearing 
operations for the base and index registers, which are used 
for addressing data RAM 1. The following functions may be 
specified: 


mar a a 


: ro de la 
~ LLear ene CON 


index register. 


- Increment or decrement either the base or the 
index register. 


- Increment or decrement operations performed on 
the base register will conform to the modulo 
count specified in the BASE] field. 


-~ Add the values of base and index registers and 
store the sum in the index register. 


Notes for use: | 
* This field is effective starting with the instruction 
after the one in which it is specified. 


Mnemonic table: 





ewe Game eemen ewes queen queens ene C= core owe eee 


| MNEMONIC [DPl FIELD | POINTER MODIFICATION 
adeno. OPERATION ’ Se. 

| OP) | 000 [| NO OPERATION 

| INCBP1 | 001 | INCREMENT BASE POINTER 1 

| DECBP1 | 010 | DECREMENT BASE POINTER 1 

| CLRBP1 | 011 | CLEAR BASE POINTER 1 

| STIX] | 100 | STORE BASE + INDEX TO INDEX 

| | | REGISTER 1 | 

| INCIX1 | 101 | INCREMENT INDEX REGISTER 1 

| DECIX1 | 110 | £DECREMENT INDEX REGISTER 1 

| CLRIX1 | 111 {| CLEAR INDEX REGISTER 1 
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Field format: 


31 2/7 26 15 14 13 12 10 9 5_ 4 0 


| OP(5) | CNT (12) IP 2] Q(3)!1 SRC(5) | DST(5) | 
| am tetaetaetetaetaetatae tate tate tetaetetetataetotetaetotetetetaetetet—t-t- | 
ft dd} dd tb tt id tl 
Ll} ddd dd td tt dt tol 
L/S 474 LVNV\\\\N\N 
J//f71 Vt tT ENNNA 
J///7\ | to de tod VN A 
(AFR 


| 
L- ak AWN 
/ | f | I \ 
126) 25124 [23122121/20119118{17]16 115] 
[0 Of Mo | Mi { ppo [| ppl | 
1 O| EA | ppO |  DpPl | 
Lo. A 1]. _RP | MO [|  pDPO [FC] 
l 


0 
0 
[0 1 O| RP | Ml { ppl [FC] 
0 2 1 dJ{ RP MO M1 {| LIFC] 
0 
0 


© 


-------- LIFC| 


EA 


Function: 
This 2-bit field specifies a modification of the lower 12 
bits of the external address register. Possible 


specifications are increment, decrement, and no change. 


Notes for use: | 
* This field is effective for the instruction in which it is 
specified. 


Mnemonic table: 











-| MNEMONIC [_EA FIELD | OPERATION FOR EXTERNAL ADDRESS | 
: oe __]| 22,21 | REGISTER Se as __ | 
| (NOP) | 00 | NO OPERATION | 
| INCAR | O01 | INCREMENT EXTERNAL ADDRESS REGISTER | 
| DECAR | 10 | DECREMENT EXTERNAL ADDRESS REGISTER | 
| Li | USE _ PROHIBITED | 
Field format: 
31 2/26 _____ 15 14 13 12 10 9 5 4 0 
| OP(5) | CNT (12) IP 2] Q(3)1 SRC(5) | DST(5) | 
| mtataetatata tata tata tata tata ta tetatetetatae ta taetae ta tat—4t—-4+-t-4+-4+- | 
ee ee ee ee ee ee Oe ee 
ie ee ee ee ee ee 
Ed hdd J VX SNNAN 
////\ J tt TNNNAN 
J///\ i J tT t bt ITNNN 
J//f\ t-d t t tT dt Et ENA 
7i | t= t t tt td tot oN 
126125124123 122[211201191{18{171/16]15] © 
{| 0 Oj] MO | Ml | DPO | DPl | 


co) 
— 


| O O| BA{ oppo | ppl | 
1] RP { MO |  ppo {FC} 
| O] RP | Mi [{ pPl |{Fc] 
mz | RP | mO | Ml { LiFcl 
{1 Q| BASEO | BASE] |FC|] 
_____ RPC [--| LIFC] 
| O|P3|P2|EM| BM | LIFC{ 
de) | SRW eee sees LIFC| 
4d Wr —{[----- | LIFC] 
| | NF [| wr | LIFC| 
| FD | Li--| 
SHV 


“an mm Cw ame ap? a ene 


© 
_ 
© 


oO 
OlH|H 
Of |— 


_ 
© 
sae 


_ 
° 
HO fl fe [JO lolo 


| 
ro) 
ry 


te 
rMIOlOlI@e 
IO I 1 
hy 
Le | 
o>) 


rae be 
ro) 
HOO |H IH lolo|H 
{— 
ys) 
= 
De 
ty 
en 


L 


A AE AE OTD SS A. 


FC 


Function: 
This bit can be used to toggle the selection of the 
active processor status word (PSW). When FC=l1,. the PSW 
which was not active for the previous instruction becomes 
active for the current instruction. When FC=0, the PSW 
which was active during the previous instruction remains 
active. 


Notes for use: 

* After hardware reset, PSWO will be selected. 

* If FC is specified as 1 in combination with an ALU 
operation, the change of flag is valid for that operation. 
For example, if PSW 0 is already selected, and an ADDC 
instruction is combined with FC = 1, the carry out fron 
the Operation will be saved in PSW 1, while the carry 
into the LSB will come from PSW 0. 

* The PSWs may also be selected and cleared by use of the 
FIS field specification. 


Mnemonic table: 


| MNEMONIC | FC BIT | FLAG CHANGE OPERATION | 
I aaa Stet eet ioe gs gta Demat Xe, vs ty 2 Ss whet oe. foeetie fet eet es Soe Sl 
| (NOP) 0 | NO OPERATION | 

XCHPSW ee ___EXCHANGE PSW_FOR OPERATION | 


Field format: 
31. 27 S26 15 14 13 12 10 9 oe: ee | ae 
IP 2{ Q(3)1 SRC(5) | DST(5) | 
tata tae tata tated ae taetet eta tet—ta—tat | 
lf | i tl 
f | tt 


ee ea ae RE ce! Maes 


| 

| 

! 
31292 12 120 aia cr asent 
ot a es 2. t--—DEO__ frees 


0 

0 : _ RPC Jez | LIPC| 

1 O|P3/P2|EM| BM | LIFC| 
ji 0 21 BW. toes Ie 

0 

1 





a ae 1] NF | wir {| Lire 
j_1__0. 121 ~~ ~OJ|  FIS” J FD | Li--] 
(0. ts A SHV neal 


el ee GE. EE A ORE ST SOR ED eee Se | 


FD 


Functions 
This 2-bit field specifies the operation that will be 
performed when the CVT instruction is executed by the ALU. 
The possible CVT operations that may be specified either 
convert the internal ASP floating point format to the IEEE 
Floating point format, or vice versa. 


Notes for use: | 

* After hardware reset, the default is ASP to IEEE 
format conversion. 

* This field is effective starting with the instruction 
after the one in which it is specified, and remains in 
effect until respecified. 

Mnemonic table: 

| MNEMONIC |_FD FIELD | DATA CONVERSION FORMAT SPECIFICATION 
; 18,17 ee i _ 
| NO CHANGE OF SPECIFICATION 

| 

| 

| 

| 


| 

| 

(NON) 00 | 
CONVERSION OF ASP FORMAT INTO IEEE | 
| 

| 

| 

| 


SPIE Ol 
FORMAT (DEFAULT) 


10 


| 
| 
| CONVERSION OF IEEE FORMAT TO ASP 
| 


| 
4 
| 
| 
| 
IESP | 
| | FORMAT 
{oC USE PROHIBITED 


Field format: 


31 27 26 | __15 14 13 12 10 9 


De, an che OO citi ee OD = a 
| OP(5) | CNT (12) IP 2] Q(3)1 SRC(5) | DST(5) | 
| tata pata tae tatataetaetaetatatatatae tate tata tatataeteataetaetaetaqt—t-t+-+- | 
Ld dd tt tdi d tt tele 
lt} dt td tt td tt 
J//L/SF SLV\\\N\NN 
SL//F\ | tt t ETNNNN 
///\' | | | ET ENNAN 
/ / \ : | : | | lL TNA 


/ | | | | | IT \ 
126125124 ]23122121[20119118{17116]15] 
10 O{| moO | Ml | pPpoO | ppl | 
1.0 1 0 O| EA |. pDPO | DP1 _| 
jo 1 0 J] RP {| MO | DPO  JFC] 
Lo 1 1 O0Oj| RP | Ml {| DPl |Fc 
{0 1 1 1] RP | MO | Ml | LIFc] 

0 0 


{i 0 _O O]  BASEO | BASE] |FCI 
11 0 0 Q Jf RPC [--| LIFC| 
Ll 0 0 1 OfJP3IP2Z{EM| BM | LIFC] 
dO 0 11 RW eae | Cy 
od 01.0.0) WE essa] LIF 

dod OU NE WC] 
[1 0 1 1 Oj FIs | FD {| Li--| 
Cl. o..1. eT) SHV | 
Pe ate eat OE ne RPS ee |i 
j.1s1iif NAL 


FIS 


Functions 
This 3-bit field controls the selection of the processor 
status word (PSW). It may also be used to clear the 
contents of either PSW, or both at once. 


Notes for .use: 

* After hardware reset, PSW 0 is the default selection. 

* As with the FC specification, if the FIS field selects a 
PSW in the same instruction that an ALU operation is being 
performed, the selection made in the FIS field will take 
effect for that ALU operation. 

* If the PSW Clear specification is made in the FIS 
field, it will take precedence over the flag change 
resulting from an ALU operation. 

* If the PSW Clear specification is made in the FIS field, 
and the same PSW is specified in the DST field 
(destination of a transfer operation), the contents of the 
PSW are cleared and the transfer operation is neglected. 


Mnemonic table: 


| MNEMONIC | FIS FIELD | FLAG INITIALIZE AND SELECT | 

___ J. 21,20,19 | _ 7 _| 
| (NOP) | 000 | NO OPERATION | 
{| SPCPSWO | 001 | SPECIFY PSW 0 FOR OPERATION (DEFAULT) | 
| SPCPSW1 | 010 | SPECIFY PSW 1 FOR OPERATION | 
| CLRPSWO | 100 | CLEAR PSW 0 | 
| CLRPSW1 | 101 | CLEAR PSW ] | 
[| CLRPSW_ | 110 | CLEAR PSW 0 AN AND_P PSW swil1- _| 
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Field format: 


ep: 27.26 15 14 13 12 10 9 __o 4 eee? 
) IP 2] Q(3)] sRc(5) | bDst(5) | 
mtae tata taetaetaetaetae tae tata teta—t—t—+-+-+- | 
| | | 
| | | 


——+ 
—— + 


VVNNAAN 

I VNNAN 

1 —IN\NAN 

-_ | | \, “7 
Viper ys a ee plus ive aa 
tool Mo | df _ Deo | __ DP1_ | 
[0 O| EA | DPO |  Dpl | 
[0 1{| RP | MO | DPO [FC] 
BG eee: See ; ole j Mi {ppl lec] 
| 0 1 RP | MO | Mil | LIFC] 
[1 O| BASEO | BASE1 [FC] 


=~ 
ro) 





[1 0 | RPC [--| LIFC] 
{1 0[P3 1p2 [EM| BM | LIFC| 
{1 ; ; ; 1{ | -------- | LIFC] 
[1 0 1 0 Of — je----| LIFC 

[1 0 1 0 i1{| NF | wr =i{tLirc{ 
[1 0 1 i] O| PIS { FD |[LI{--| 
Sete Sans © iene: CON See | Seamer) ; |: eerie | 
oa ON os a cr ite 
mes ene (Seer |, Ee eee, | / ' eee ee | 


4-52 


L 


Function: 
Specifies the decrementing of the loop counter. 


Notes for use: | 
* This field is effective starting with the instruction 
after the one in which it is specified. 
* Refer to the hardware description section for more details 
on the use of the loop counter. 


Mnemonic table: 


| MNEMONIC | L BIT | LOOP COUNTER OPERATION 


| 
8 | 
| (NOP) | | NO OPERATION | 
| DECLC | |. _DECREMENT LOOP COUNTER ss cette 
Field format: 
31 27 26 ___ 15 14 13 12 10 9 5 4 0 

| OP(5) | CNT (12) IP 2] Q(3)] SRC(5) | DST(5) | 
| pate tate taetaetaetaetatatataetaetatataetatatata tata taetaetaetaet—-t+-4+-4+-4+- | 

ft J ted dT ddd td td 

ft |} td td i dt dt dd 

I+ Lt? FX %NNY YS 
///7 1 Vt tt tTNNAN 
J/// ' | | t tt PENNA 
/ 7 | | | , : | 4 | : \ % 


/ 
426 2512 RCCLeriPrarerieier tier ae 
{0 0] MO |] Mi | oppo | ppl | 





420d 0 BA DRO 12 DPA, 
[0.1.0 1]._RP.|._MO |. DPO |FC[ 
{0 1 1 Oj RP| mi | _DPi _ {EC 
{0 1 1 J] RP | MO] | LIFC] 
[1 0 0 0 O| BASEO | a [FC ] 
| 1 0 Q Q if RPC J -| LIFC| 
1100 1. ops iB2 [EM | |_LIFC] 
1. 0..0..3. 1) BW. [eeeoe = |_LIFC| 
TF 0) od Os 0) WE Jee PCL 
[1 0 1 0 ji NF WI [| LIFC| 
ll ol 1 0! FIS |.FD | BI--| 
[lo 1 1 1) SHV | 
ee Se ee! |) eee eer, <1 

ae: eee Cee 2, |e enero.) Cena nana 


MO 


Function: 
Specifies the addressing mode to be used for accessing RAMO. 
Available modes are base pointer 0 only, index register 0 
only, and base pointer 0 + index register 0. 


Notes for use: | ; 

* After hardware reset, the default is base + index. 

* In base + index mode, the lower 9 bits of the Sum are 
used, and the carry (overflow) into the 10th bit is 
ignored. 

* This field is effective starting with the instruction 
after the one in which it is specified. 


Mnemonic table: 


SPCBIO | 11 BASE POINTER 0 + INDEX 
| _ {REGISTER 0 (DEFAULT) 


Field format: 


|.___MNEMONIC _—_—*{| MO FIELD | PECIFY RAM POINTER ___t 
(NON) | 00 “a CHANGE IN SPECIFICATION | 
| SPCBPO | O1 | BASE POINTER 0 | 
SPCIX0 | 10 | INDEX REGISTER 0 | 
| | | 

| 


31 27.26 __._15 14 13 12 10 9 5 4 0 
| OP(5) | CNT (12) IP 2] Q(3)] SRC(5) | DST(5) | 
| —p—p— fae — ta a a a an ean fan ae tae papa ta papa tpaetuefpae pan tutaefaet—-4=-4—-4-4+— | 
|} tt td td bt dt to 
|} tt tt td td tb 
FEF FTF FAVS NYRNN 
Ti Fa Ee YT | oF ob MNO 
J///7/\i tt tt bt t1NNAN 
//i | t tt | J 4 | | \ 
/i td dt Ft tt | \ 
4126|125]2 412 3122 PP rir itcie 6115] 
|_0 —_ oO | th I DPO | pPl | 
a0 QO] EA | DPO | DPl | 





1 
1-0.. 7. 1 1 RP | MO | Ml | LIFC| 
[10 0 0{| BASEO |. BASE] |FC| 
[1 00 ; “1 RPC {--| LIFC] 
11 0 0 

100 





1 i{ RW |--------| LIFC| 

[1 0 1 90 Of WT [----- [| LIFC| 

Lao 1 0 | UNF UW | eed 

ji 0 1 1  O] FIs) of UFD {| L--1 

| a | Ae Se Ee PE ea): Laem | 
fi 1 Of RPS 

Ce oe ee NAL oe | 


M1 


Function: 
Specifies the addressing mode to be used for accessing RAMI. 
Available modes are base pointer 1 only, index register 1 
only, and base pointer 1 + index register l. 


Notes for use; | 

* After hardware wesee, the default is base + index. 

* In base + index mode, the lower 9 bits of the sum are 
used, and the carry (overflow) into the 10th bit is 
ignored. 

* This field is effective starting with the instruction 
after the one in which it is specified. 


Mnemonic table: 


(NON) NO CHANGE IN SPECIFICATION | 
SPCBP 1 O01 


[....MNEMONIC. | Ml FIELD | SPECIFY RAM POINTER _ 
| 00 

| 

| 

| 


: | 
SPCIX1 | 10 | INDEX REGISTER 1 
SPCBI1 | 11 BASE POINTER 1 + INDEX 


| | | __ REGISTER 1 (DEFAULT) _ 
Field format: 


— 
BASE POINTER 1 | 
| 
| 
| 


i Sa n° ee ee 0 A 6, Ae eo ee 0” ee ee 
| OP(5) | CNT (12) IP 2] Q(3)1 SRC(5) | DST(5) | 
| papa pata tampa taetata—tatetetaetaetetaetaetetaetetetetetaetetetitetete-t- | 

Lf | |} | td tb tt dt td 4 
tt} dy tt dd tt tt dd 
JSS 4 SAN \X¥X\N\NN 
///7\ 1 | | ENNNAN 
Tei F LL | bd a RNY 
/ - | = | ! | = | | ‘ \ 


/ | \ 
ee ee [21 20]291262712 §1151 
19. ~o1. -MO | M1 |  pDPO | ppl | 
| 0 a EA | mr: | ppl | 
{0 : 1] RP | MO | ppo {Fc} 

0 1 0 RE | Ml |  DPl  {FC] 


ole} 


a 





[0 1 1 ij RP{[{ MO | Ml { LiFC] 
[| 1 0 0 0 Ti BASEO | BASE] [FCI 
|} 1 0 0 0 1 RPC --| LIFC] 
1 0 0 1 0 E31E p2iev| pu |_Liec 
j31 0 0 1 2] [------- ~|_ LIFC] 
ico 0 O| wR [=== ELECT ; : = : 
Ll 0 1 0 i| NF i wil bircl 
ae ee | eee ee 0] FIS | FD | Li--| 
ee Coe ° eee Ce eee SHV____ | 
Li 10. RPS. | 
re | 


Function: 


This field specifies 9 bits which will replace the lower 9 
bits of the program counter (PC). The upper 4 bits of the 
PC will remain unchanged. Therefore, a local jump is 
performed, within a 512-word segment of instruction memory. 
For example, if this instruction is executed at location 


Amt Fra averant over waa mh kFRAie Ine 
Ze Jil p SAS CALCUL VV Ok Wilde bs CLIAD £10 


uSing this field is 400H - 5FFH. 


Notes for use: 


* Because of the pipelined nature of instruction 
execution, a branch instruction can not occupy the next 


instruction location. 


Mnemonic table: 


MNEMONIC | NAL FIELD _ {| LOCAL BRANCH 
_ |. 23,22,21,20,19,18,17,16,15 |  __ aS a 


Bate SaaS 


| eee | IN LOCAL BLOCK 
* 0 =< imm =< 5l1l 


Field format: 


31 27 26 15 14 13 12 10 9 5 4 
| OP(5) | CNT (12) [IP 21 Q(3)1 SRC(5) | DST( 
| papa tape tata tata pataetaetaetatatatae tate taetetaetaeteatet—t—-t-+-4- 
Ll tt dt bd ttt gd 
Td dd dd ttt td dol 
JSS 44 FAN \\N\NN 
LAFF FT ke PMA 
J///\ tJ tt tT TE ENNN 
ra - : | | : | i | : :% 
26 2512 alzalzzi2 1{20|1 ae g]a7 1361231 
| ol | | DPO | -BE | 


[o- = a EB | _DPO J 1 








— RP M1 EFeL 
be 0 = 0. 0. “paseo BASEL jFel . 
Mes be Oe 02 0) RPC ee ECT, 
ji 0 0 1 OJP3IP2{EM] BM | LIFC| 
id 00d : 4{__BW_ononnanal RIEe| 
i ee ae 0 ee Ol. Wt i |-----| LIFC{ 
aa a _lj] NF | wr J LIFCI 
cee SRS ieee Dae (Sees 5 ee 2 ee Me A 
ia IO i ne oe I a 
Se ee | es RPS ee | 
ee ee oe | NAL 


~ JBLK imm | (imm)B | JUMP TO imm ADDRESS 


NF 


Function: 
This 3-bit field specifies the operation that will be 
performed when the NORM instruction is executed by the ALU. 
Possible specifications include truncating normalization, 
rounding normalization, floating to fixed point data 
conversion, and fixed point data (multiple bit) alignment. 


Notes for use; 
* This specification is valid for the instruction in which 
it is specified, and it is latched until respecified. 
*- After hardware reset, the default specification is 
truncating normalization (TRNORM = 010). | 


Mnemonic table: 





| MNEMONIC | _NF FIELD | NORMALIZATION FORMAT SPECIFICATION | 
| | 21,20,19 | ee — = | 
| (NON) | 000 | NO CHANGE OF SPECIFICATION | 
| TRNORM | 010 | TRUNCATING NORMALIZATION (DEFAULT) | 
| RDNORM | 100 | ROUNDING NORMALIZATION | 
| FLTFIX | 110 | CONVERT FLOATING TO FIXED POINT | 

| 


[| FIXMA | lil 1 __ FIXED POINT MULTIPLE* ALIGNMENT 
* Multiple value is in SVR. 


Field formats: 











31 27.26 __ 15 14 13 12 10 9 59.4  —. _ O- 
| OP(5) | CNT (12) IP 2] Q(3)] SRC(5) | DST(5) | 
|e tae tata taetatatataete tata tetaetatataetaetetetetaetetaetatetateta—t-t—-t- | 
ft} tt tt td dd dt dd 
ee ee ee ee ee ee 
T/IS4 LS FAV\ \\N\N\N 
J////7\1 1 t tt TNNNN 
/ / ‘4 Pr of ft — FT FT TNNAN 
fl | boslealon oolaelvelanlastn3 
[26125 l2alza i222 1{20]19{1 Areaerieey 
[| Oo dO [| Ml | DPO | DPl | 
{| Oo 1 5 a | DPO | DPl | 
O14. O-- RP | MO | DPO  |FC 
[| Oo 3d 2 Of RP Ml _DP1 [FC] 
ee See eee * RP_ {| MO M1 | LIFC] 
ti 0 0 0 O| BASEO | BASE] JFC{ 
1 0 0 0 J RPC -~-| LIFC] 
_1 0.0 1 O|P3]P2/EM] BM |_ LIFC| 
Jd. 0. 02 1d). RW == | PC). 
[1 0 1 0 Of WT [-----| LIFC| 
a nea Fie aie © Saete s anas «| <e: ee Pe ae L 
ji 0 1 2 Of FIs | FD | LJ=-1 
[1 0 1 1 #1 SHV____- 
Se Seen ae? — _RPS = 
; ie ee ee | NAL eae | 


2 


Function: 
This l-bit field directly controls (sets or resets) the 
state of the P2 output pin. If this bit is set to l, the 
state of the output pin is high level; if 0, low level. 
This applies only if the ASP is in slave mode. 


Notes for use: 
* After hardware reset, 
low level. 
* If the ASP is in master mode, the P2 pin has a different 
function, and therefore this bit is meaningless. 
* This specification takes effect starting with the 


instruction after the one in which it is specified. 


mene AF FAA DY nin 4 
= eee wet de oo we & Go be waa oe 


ec ear 
44 fat tra ae tee 


(t 


Oo A 
wi Oe 


Mnemonic table: 


| MNEMONIC |_P2 BIT P2 PIN CONTROL (SLAVE MODE ONLY) 


| 7-7") SS 





: 
CLEAR OUTPUT PORT PIN 2 
| 


| CLRP2 | 0 
| SETP2 | 1 | _SET OUTPUT PORT PIN 2 eee 


Field format: 











cp ey 2) eee eer 15.14 13 12 10 9 5 4 ___0 
| oOpP(5) - | CNT (12) IP 2] Q(3)1 sSRC(5) | DST(5) | 
| pa tataetatatetetetetatatatatata tate tate tae teeta tata tate taet-to-te | 
es ee ee ee ee ee ee ee | 
ee ee ee ee 
PELE FT FX. SONNY SN 
J///A1 1 tt TNNNN 
J///\ i t tt t bt tNNN 
//\ t FY t t tt to ENN 
/ | f - ~— ~— — tT tt tN 
126125124123 122121120119118117116115] 
QO] MO M 





i/o 1 1 O| RP | Mi |. _ DPI JFCI 
io 1 1 1) RP | MO | M1 | LIFC] 
ji 0 0 O O| BASEO | BASE] [FCI 
10 0 9q0 4] RPC --| LIFCI] 
ti 0 0 1 O|P3(P2ZI/EM] BM |_LIFC] 
fe 0 Od) | RW Sere se] LEC 
dik 20 2 0.0). WE. ae TL PC 
ti 0 1 0 Jf NF | WI J LIFC{ 
i 1..0. 110). PIS. | FD [b= ft 
oe ee ee ee ee | ___SHV ee 
sees es IR 6 5 [Een eee =, ere: 
OR Se RR 25 (eae ane NAL siatcasail: 


P3 


Function: 
This l-bit field directly controls (sets or resets) the 
state of the P3 output pin. If this bit is set to l, the 
state of the output pin is high level; if 0, low level. 
This applies only if the ASP is in slave mode. 


Notes for use: 
* After hardware reset, the output of the P3 pin is set to a 
low level. 
* If the ASP is in master mode, the P3 pin has a different 
function, and therefore this bit is meaningless. 
* This specification takes effect starting with the 
instruction after the one in which it is specified. 


Mnemonic table: 


SOD GEE ARO TEE GE GRE CEP EIS SE NE aT LTO CELT CE LT SL STIL OI I SITET CT AIEEE COLLET TET ELIS ES SIO" IOP 


| MNEMONIC | _P3 BIT | P3 PIN CONTROL (SLAVE MODE ONLY) | 

on {| 21 | eee es as __| 
| CLRP3 | 0 | CLEAR OUTPUT PORT PIN 3 | 
| SETP3 | 1 | SET OUTPUT PORT PIN 3 | 


Field format: 
31. 27 26 j 15 14 13 12 10 9 5 4 0 


| OP(5) CNT (12) IP 2] Q(3)] SRC(5) [| DST(5) | 
| pape papa taetataetetaetetaetatataetaeteataetetaetetaetaetaeta—te tat 4 —-4t-4-4- | 
ee ee ee ee ee ee | : 
|} tt td dd dt bt 
i ae an ae a ae en a 
FAL?) TD FERN NS 
Joep FY ET i be Bt EMA 
#3 / | | | | | . = | | \ a. 
(2625 12423 22123120 atests Hine PN 
sent - 0b, DPO | pPl | 


Ol 


a yee 2) 52 ea 
10 1 | {| OM “ | DPO [FCI 
4g 4 it 0 | 7 | Mi | ppl _ {Fc} 
| 0 7 RP | a J. oMi [ LiFcl 
| 1 QO] BASEO | BASE] [FC] 
| : 1| a PC. __—i{--|_ LIFC] 
| 1 OJP3Z|P2{EM] BM | LIFC|] 


ttt 


Pore 0 i _O9 1 JI] R Sn en Tok 
MO ee OW eee BC] 
ee eee <r 
ds 0) dO PO Dd =). 
i101 1 if SHV : 

ae aa RPS eens | 
Ce: ree eee |: Ene rere) \/'. 


RP 


Function: 
The RP field specifies the modification operations performed 
on the ROM pointer (RP), which is used for addressing the 
data ROM area. This field is 2 bits long, and can specify 
the following operations to be performed on the (RP): 
increment, decrement, and add 2**N, 


Notes for use: 
* This field is effective starting with the instruction 
after the one in which it is specified. 
* For the special case of addition of 2**n to the RP, the 
value of nis specified in the RPC field. 


Mnemonic table: 


MNEMONIC | _RP FIELD "ROM POINTER MODIFICATION OPERATION — 


| | 
L as a 

[ (Nop) | 00 [NO OPERATION 

| INCRP | 01 | 

| DECRP | 10 | DECREMENT ROM POINTER 

| INCBRP | 11 | INCREMENT SPECIFIED BIT OF ROM 


| 
| 
INCREMENT ROM POINTER | 
| 
| 
| 


Le crite Seale eee POUNDER W(1.3Bs2 ADD 24 N osc 
Field format: | 


3.12 10 9 54 9 








3] 2/_ 26 15.141 
| oOP(5) | CNT (12) IP 2| Q(3)1 SRC(5) | DST(5) | 
| tae taeta— tata ta tata tata t tata ta tata ta tatapataetaetatetat—t-t-t-4t-4- | 
ee ee ee ee ee ee ee ee 
ld td tid tt bid tl 
JIL 4F4 FANN \\NNXN 
J//7f\ | | tf INNA 
J//\ 4 | dt t tT ETNNA 
Fi / 7 | = | 7 : . : i \ ms 
[26.123 [24231 22121 Priprariteireirt! 
| 0 Qf 7a | DPO | DPl | 
194 DPO DPl 


0 TTT RP} wo DBO [FC 


| QO] BAS 50 oe BASE1 |FC| 
reco RPC____|=-| LIFC| 





J.10 0 1 1| RW |--------] LIFC| 
J j1 0) 0 O| WE Jen---j EIFCL 
11.0 1.0 1) NF | Wr | LIFC| 
Biome Sa eee mee Ee | (eee oe I eee 2 ee da 
fi 011 i] 

11.0 | RPS 
ki eo: Sees Gay Ss eae NO). CRO ees 


RPC 


Function: 
This 4-bit field is used to specify the value of N used for 
the special addition of 2**N to the ROM pointer (RP). 


Notes for use: 
* This value is latched, starting with the instruction after 
the one in which it is specified, and will be used if the 
RP field specifies the 2**N addition operation. The value 
of Ncan be 1- 9. If 0 is specified, the contents of RP 
will be incremented when the 2**N addition is specified. 
* 0 is the default value after hardware reset. | 


Mnemonic table: 


| MNEMONIC | RPC FIELD | SPECIFY 2**N ADDITIVE VALUE | 
DMZ OG DFM i a 

| BITRP imm |  (imm)B | SPECIFY N FOR ADDING 2**N TO | 
| 


| | ROM POINTER | __ 


* imm (=n) is 0 through 9. 


Field format: 


31 27 26 15.14 13 12 10 9 5 4 0 
| OP(5) | CNT (12) IP 2] Q(3) SRC(5) | DST(5) | 
| tae paetetaetaeta tata tae tata tata tate tata tata tataetetaeta tata t—t-t-t+-4+- | 
ee ee ee ee Se Oe ee 
lf |} | Pt td td td td 
J/SS SF SV\\\N\N\N 
////7\1 1 1 tT ENNN 
///\ | | tt t PTNNAN 
f rf | | |— — — FT dd 
/ i | | — FF = - Ed Et UN 
~ [26125124] 23 122 {21[20[19 118417416415] 
j.0 O{| MO | Milf DPO | DP1l | 


LO 1 0 Of EA | ppo | ppl | 
1 0 1{ RP | MO |  pPO [Fc] 
Ode 0 RPM) DPI. [PC]. 
iO 1 1 dj RP {| MO [| Mi jJ_Lirel 





OO 


| 1 0 0 0 O{ BASEO | BASE] [FC] 
{1 0 1| RPC _[--] LIFC] 


Et 


0 0 

1 0 0 1 O|P3{P2/EM] BM | LIFC 
10 1 
0 





jl 0 1 1 J]  _sHv. sd 
oe |) a enti <2 a 
|i 1 if NAL ae 


RPS 


Function: 
This field specifies a 9-bit data ROM address that may be 
used once by a subsequent instruction. Only the lower 


half of the data ROM may be accessed in this manner. When a 
subsequent instruction specifies ROM in the SRC field, the 
9-bit RPS field is used as the data ROM address, with the 
MSB of the address set to 0. The data at the address 


‘eneciFfi aa in kha pps Field 77 717 
SL Ciiticag in tne VV do de ch 


internal bus. 


h &ha 
WAN oA Csic 


Notes for use: | 

* This field is valid starting with the instruction after 
the one in which it is specified. 

* This ROM address is available only once, the first time 
ROM is specified in the SRC field after the RPS 
specification. Once an instruction uses ROM as the SRC 
Field, accessing the address specified in the RPS field, 
then the value that had previously been in the RP register 
will be valid again. 


Mnemonic table: 


, M MNEMONIC ° ss ___ RPS FIELD SPECIFY IMMEDIATE | 
—_ | 29422 121,20,19,18,17,16,15_ ! __ROM_ ADDRESS _ _ | 
| SPCRA imm | (imm)B SPECIFY IMMEDIATE | 

Rom ADDRESS ____ 





* 0 =< imm =< 511 


Field formats: 


4-62 


2/_26 15.14 13 12 10 9 5.4 0 





OP(5) | CNT (12) IP 2] Q(3)1 SRC(5) | DST(5) | 
fae pepe tae pete taetetataetataetetaetaetaetetaetaetaetaetaetaetaetat—t-t+-+-+- | 
rt rE dd tt dd dt bed 
fi td bbb tit bt det 
S///1L44 FV\\X\XNN 
J///7 1 Vt tt TNNNAN 
J///7\ | tt t FE ENNN 
(Ut L loslesloslelelenta i 
6 4 et es ee) as 19118 fe a6 [25 
| oO Of | ‘a DPO | | 
Oo 4d ” . DPO | 7H | 





© 
— 


jo 1 0 J) RP [| MO |] DPO  JFC 
{9440} Re | Hi _1__DP 





10 M1 DP1 _|FC] 
1-9 1 1{. RP | MO | M1 i Elect 
[1 : 0 0 Of. ~BABED. | BASE] |{FC| 
[1 0 0 0 lj. [--| LIFC| 
[1 0 0 1 O|P3{ 531 ia BM | LIFC 
js, a © ee ie) 1 ac ecacetrne Oe OG 
fl O0O1 0 0{ wr  [----- {_LIFC| 
1 0 1 0 1l| NF {| wi | LiFc] 
flo 1 1 0|  FIS {| FD | Li--{ 
i 0 0.1 Th. SHV. sit 
fe Ce eee eee eee; :/- ee eo 
ie ae ae © NAL | 


RW 


Function: 
This 2-bit field specifies an external memory read or 
write operation. In the case of master mode, a 32-bit 
,transfer is performed through pins DO -—- D3l1, and in the case 
of slave mode, an 8-pit transfer is performed (l, 2, 3, or 4 
times, depending on the length of data to be transferred, as 
specified in the status register) through pins DO - D7. 


Notes for use: 

* Only instructions contained in the internal instruction 
ROM can perform this operation. External instructions are 
prohibited from performing this operation. 

* If an internal instruction performs a branch to an 
external instruction, the next internal instruction is not 
permitted to specify RW, due to the pipelined operation of 
the ASP (this would require performing the RW and the 
external instruction fetch simultaneously on the external 
data bus). 

* The external memory access is initiated during the 
instruction in which it is specified. 


Mnemonic table: 


OPERATION FOR EXTERNAL DATA MEMORY 


: 
| (NOP) 00 NO OPERATION | 
| RD Ol READ | 
| WR 10 WRITE | 

| 


{| ll | USE PROHIBITED __ 


4-64 


Field format: 


31 27 26 15.14 13 12 10 9 5 4 
CNT (12) IP 2] Q(3)!1 SRCe(5 
mpatatatetat—t—t-t-+-4+-4-4- 

| | d | 

| i tl 


+} ww 
| 
+ 
t 
-}- 
! 


> 


: _ \ 
126}251/24]23122{21]20{19118117116 [15 | 
| MO | Ml {| oppo |  DPi | 
0 Oj] EA | pPpoO |  DpPl | 


Ojo 
iO 


[0 1 0 1{ RP | MO |  DPO {FC| 
[O Jd 12 Of] RP] M1 | DP] {FCI 
[oO 12 1 J{ RP { MO |] Ml /[LiFci 
[1 0 0 0 0| BASEO | BASE] |FC| 
[1 0 0 0 1] RPC i--| LIFC| 
[1 0 0 J O{P3{P2[EM] BM | LIFC] 
Jd. 0 0d RW =) Le 
[1 0 1 0 0O| wr {----- [ LIFC{ 
[1 0 1 0 1| NF | wi | LiF] 
[1 0 1 1 O| FIs |. FD | LI--] 
fl 0-1] 1] | SHV | 
Bede OE pete So REO os 

fe a eg NA ene 


SHV 

Function: 
This 7-bit field specifies a shift value for use by the 
barrel shifter in the ALU functional block area. The 
highest bit specifies left or right shift operation 
(although it is ignored for SHLM, SHRM, and SHRAM), and the 


remaining hits snecify the number af bits to ha shifted (Q re 


46). - = ee a 


Notes for use: 

* This specification is valid for the. instruction in which 
it is specified, and it is latched in the SVR register 
until changed again. 

* SHV/SVR value will shift Q for the SHLM, SHRM, SHRAM, and 
NORM (FIXMA only) ALU operations. The direction bit will 
be ignored in these cases. 

* SHV/SVR value will shift P for ADD, SUB, ADDC, SUBC, AND, 
OR, and XOR ALU operations. 

* If a floating point ALU operation is being performed, the 
SHV/SVR value will be ignored and the barrel shifter will 
automatically adjust P or Q to align their mantissas. 


Mnemonic table: 


| MNEMONIC |___._SHV FIELD __| SET SHIFT VALUE TO SVR 


| 

ci | 21,20,19,18,17,16,15 | | 
| SETSVL imm | 0 (imm)B | imm BITS LEFT SHIFT | 
| (DEFAULT) | 

: SETSVR_imm : (imm)B | imm BITS RIGHT SHIFT | 


* Q =< imm =< T 


Field format: 


31 2/ 26 15 14 13 12 10 9 5_ 4 - 
) IP 21 Q(3)1 SRC(5) | DST(5) | 
—taetaetetetetetetetetetet—t-+-+- | 
| 
| 


{ 
—— oe of 
| t 
a 
i 
on. 
) 
— — + 
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126125 124/23 122{21]20 119118117116 |15| 
(0 O] MO | Mil {| pPpo | ppl | 
| O| EA |  pDPO |  DpPl | 
1] RP | MO | oppo J[Fc{ 

RP | Ml [|  DPl [FC] 
MO J_LIFC{ 

| | BASEO |  BASE1 |FC| 
0 RPC _—‘{[--| L{FC] 
[P3|P2|EM] BM | LIFC{ 

-| LIFC] 
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Functions: 

This 2-bit field specifies the format to be used when 

transferring data from the internal bus to a working 

register (i.e, when WRn is specified in DST field). 
Notes for use: 

* This specification is valid starting with the instruction 
after the one in which it is specified, and it is latched 
until changed again by the use of this field or a reset. 

* After hardware reset, the default specification is normal 
transfer mode. 


Mnemonic table: 








| MNEMONIC | WI FIELD | SPECIFICATION OF TRANSFER FORMAT WHEN - 
[| | __ 18,17 | DATA IS MOVED FROM IB TO WR 
(NON) - 00 | NO CHANGE OF SPECIFICATION 


| TO HIGH 24 BITS 
10 | ORDINARY TRANSFER (DEFAULT) 
_11- | USE PROHIBITED 


| 
_ = 
| BWRL2 4 | 01 | TRANSFER LOW 24 BITS OF MANTISSA | 
| | | 
| BWRORD | | 

= 


Field formats: 


31 27 .26 15 14 13 12 10 9 5 4 0 
{ OP(5) | CNT (12) IP 2] Q(3)] SRC(5) |] DST(5) | 
| pata tata ta tae tata tata taete tata tatataetaetaeteatataetaete tate ta—t-t-4+-4+- | 
ttt rid ¢ tt did dd 
lid tddttd dd ttf 
J//SSF SLV\ \\NNN 
J////7' | | tEITNNN 
J///7\ + | | | tT ENNA 
//iti ttt dt t tot] 
Ji} | | | tt tot Edt EN 
126125 [24123 |22121]20119118117116|15] 
[LO OO] MO {| Mi j pDPO | DPl | 
[0 1 0 Of] EA {| DPO | DPi | 
QO 1 0 J1{ RP j MO DPO [FC 
{0 1 1 0 RP M1 DP1l  |FC] 
|} oO 1 2 Ji RP|{| MO | Ml if LiFC] 
{| 1 0 0 O Qj BASEO | BASE] |FC] 
ti 0 0 0 22 RPC [--| LIFC] 
Li 0 0 ) OfJP3ZIPZ2{EM| BM | LIFC] 
11 0 O 1 21{ &RW {[------ --| LIFC| 
j1 0 1 0 QO] WT |----- _LIFC] 
[1 01 0 1f{ NF | WI | LIFC] 
|} 1 011 Q] FIS | FD | Li--] 
[fl 0 1 1 ]{ SHV | 
Be cad DO ae oe cree 
See ee 5 ee NAL 
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Wr 


Function: 
This 3-bit field specifies the format to be used when 
transferring data from a working register to the internal 
bus (i.e, when WRn is specified in the SRC field). 


Notes for use: 

* This specification is valid starting with the instruction 
after the one in which it is specified, and it is latched 
until changed again by the use of this field or a reset. 

* After hardware reset, the default specification is normal 
transfer mode. 


Mnemonic table: 


| MNEMONIC |__WE FIELD | SPECIFICATION OF TRANSFER FORMAT WHEN 


LOW 8 BITS OF MANTISSA 
| WRBBRV_ | | BIT REVERSE ENTIRE MANTISSA | 


| 
i | _21,20,19 | DATA IS MOVED FROM WR TO IB | 
| (NON) | 000 [| NO CHANGE OF SPECIFICATION | 
| WRBORD | 001 | ORDINARY TRANSFER (DEFAULT) | 
| WRBL24 | 010 | LOW 24 BITS OF MANTISSA TO HIGH 24 | 
| WRBL23 | 011 | LOW 23 BITS (BIT 23=0) TO HIGH 24 | 
| WRBEL8 | 100 | EXPONENT PART TO MANTISSA LOW 8 BITS | 
| WRBL8E | 101 | MANTISSA LOW 8 BITS TO EXPONENT PART | 
| WRBXCH | 110 | EXCHANGE HIGH 8 BITS OF MANTISSA WITH | 
| | | | 

__| 
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Field format: 


my 


| J | I t \ 

126 125124/23122[21/20 119 [18]17]16]15] 
| o O| MO | Ml | pDPpO | DPl | 
[0 1 0 O{| EA |  DPO |  DPl | 
0 1 0 1{ RP MO DPO [FC] 


Lo 12 1 O| RP {| Mi | DP1_ IFC] 


[oO 1 1 1{| RP {| MO | Ml | LIFC| 
[10 0 0 O| BASEO | BASE1 [FC] 
[100 0 1 RPC --| LIFC] 
[1 0 0 1 O{P3|P2|EM| BM | LIFC| 
10 0 1 if Rw |----- =--| LIFC] 
101 0 0 Wr |----- LIFC{ 
[1 0 1 0 l| NF | wr | L{Fc! 
[1 0 1 1 Of Frs | FD [ Li--] 
11.0.1, 114 SHV l 
sere (ees eae! 8 Meee ence: 5° senna RSE 
os oe ee NAL 
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) 


4 


SRC(5) | 


31 27. 26 15. 14 13 12 10 9 
OP(5) | CNT (12) IP 2] Q(3) | 
| tata te tatataetatatatataetatatete tite tatatetatatetetatat—t- 
es ee ee ee ee ee ee 
Ltt ttt dd bbb td 
/ / / / / / \ \ N \ \ \ 
S////7i1' JT tT ENNNN 
Liaw vy A OP OT TRAN 
// | | : , | | | | a 


4.3.5 SRC field. 


The SRC field is a 5-bit field which specifies the source. 
register for the transfer operation that can occur in an OP or 
branch instruction. The contents of the specified register will 
be put onto the internal bus for transfer to the register 
specified in the DST field. 

SRC can specify any of 32 different registers. If the NON 
source specification is used, the internal bus bits are all set 
to 1, for transfer to the destination. 

If a 32-bit register is specified in the SRC field for a= 
transfer to a 55-bit register, the upper 32 bits of the 
destination receive the data from that register, and the lower 23 
bits are all set to 0. | 

If a working register is specified in the SRC field, it is 
put onto the internal bus according to the transfer format 
specified by the WT field. 

If the M register is specified in the SRC field, and the 
destination is a 32-bit register, then the most significant 32 
bits of the M register are moved to the destination. However, if 
the destination is a 55-bit register (i.e. a working register), 
then the full 55 bits of the M register will be transferred. 

If ML is specified in the SRC field, then the lower 24 bits 
of the M register will be put into the lower 24 bits of the 32 
bit internal bus, while the 8 MSBs (i.e. exponent) of the M 
register will be put into the 8 MSBs (i.e. exponent) of the 
internal bus. 

Table 4-6 lists the SRC field specifications. 


Table 4-6. SRC field specifications. 


| MNEMONIC | SRC FIELD | SELECTED SOURCE REGISTER 


| 

__ 9,8,7,6,5 | as _____ | 

| NON | 00000 | NO SOURCE SELECTED | 
| RP 00001 | ROM POINTER | 
| PSwo | 00010 | PROGRAM STATUS WORD 0 | 
| PSwl | 00011 | PROGRAM STATUS WORD 1 | 
| SVR | 00100 | SVR (SHIFT VALUE REGISTER) | 
| SR | 00101 | STATUS REGISTER. | 
| LC | 00110 | LOOP COUNTER | 
| STK | 00111 | TOP OF STACK 
| M | 01000 | M REGISTER (MULTIPLIER OUTPUT) | 
| ML | 01001 | LOW 24 BITS OF M REGISTER | 
| ROM | 01010 | DATA ROM OUTPUT | 
| TR | 01011 TEMPORARY REGISTER 
| AR | 01100 | EXTERNAL ADDRESS REGISTER | 
| SI 01101 | SERIAL INPUT REGISTER | 
| DR | 01110 | DATA REGISTER | 
| DRS | 01111 | DATA REGISTER FOR SLAVE | 
| WRO |} - 10000 | WORKING REGISTER 0 | 
{| WR1 | 10001 | WORKING REGISTER 1 | 
| WR2 | 10010 | WORKING REGISTER 2 | 
| WR3 | 10011 | WORKING REGISTER 3 | 
| WR4 | 10100 | WORKING REGISTER 4 | 
| WR5 | 10101 | WORKING REGISTER 5 | 
| WR6 | 10110 WORKING REGISTER 6 | 
| WR7 | 10111 | WORKING REGISTER 7 | 
| RAMO | 11000 | RAM BLOCK 0 : | 
| RAM1 | 11001 | RAM BLOCK 1 | 
| BPO | 11010 | BASE POINTER 0 | 
| BPl | 11011 | BASE POINTER 1 | 
| Ix0 | 11100 | INDEX REGISTER 0 | 
| IX1l | 11101 | INDEX REGISTER 1 | 
| K | 11110 | K REGISTER | 
ee 11111 |..__L REGISTER __ | 
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4.3.6 DST field. 


The DST field is a 5-bit field which specifies the 
destination register for the transfer operation that can occur in 
an OP, branch, or load immediate data instruction. The data on 
the internal bus (which comes from the register specified in the 
SRC field) will be written into the specified register. 

DST can specify any of 32 different registers. If the NON 
specification is used, the contents of the register specified in 
the SRC field are output only to the internal bus, and are not 
written to any other register. 

If a working register is specified in the DST field, it is 
transferred from the internal bus into the working register 
according to the transfer format specified by the WI field. 

If the temporary register (TR) is specified in the DST 
field, the 32 bits of the internal bus are input to the TR. If 
TRE is specified in the DST field, the lower 8 bits of the 
internal bus are input to the upper 8 bits (exponent) of the TR, 
and the lower 24 bits of the TR retain their former value. 

If a pointer register (RP, BPO, IX0, etc.) is specified in 
the DST field and a modification of that pointer register is 
specified in the CNT field of the same instruction, the transfer 
operation takes precedence, and the pointer modification function 
is not performed. 

If LKRO is specified in the DST field, then the data on the 
internal bus is written into the L register in parallel with data 
at the current address of RAMO being written into the K register. 
If KLR1 1s specified in the DST field, then the data on the 
internal bus is written into the K register in parallel with the 
data at the current address of RAM] being written into the L 
register. 

If the same register is specified in both the SRC field and 
the DST field, the contents of the register is put onto the 
internal bus, and the contents are not changed at the end of the 
instruction. An exception to this is the case where a working 
register (WR) is specified. In this case, the contents are 
varied according to the transfer formats specified by the WI and 
Wr fields. 

Table 4-7 shows the various DST field specifications. 
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| MNEMONIC | DST FIELD | 


jt 4 3 2d 
| NON | 00000 | 
| RP | 00001 { 
| PSWwO | 00010 | 
| PSW1 | 00011 | 
| SVR | 00100 | 
| SR | 00101 | 
| Le | 00110 | 
| STK | 00111 | 
| LKRO | 01000 | 
| KLRI1 | 01001 | 
| TRE | 01010 | 
| TR | 01011 | 
| AR | 01100 | 
| so | 01101 | 
| DR | 01110 | 
| DRS | 01111 |. 
| WRO | 10000 | 
| WRI | 10001 
| WR2 | 10010 | 
{| WR3 | 10011 | 
| WR4 | 10100 | 
| WR5 | 10101 | 
| WR6 | 10110 | 
| WR7 | 10111 | 
{| RAMO | 11000 | 
| RAMI | 11001 | 
| BPO | 11010 | 
- | BPl | 11011 | 
{| Ix0 | 11100 | 
| IxXl | 11101 | 
| K | 11110 | 
i _L | 11111 | 


Table 4-7. DST £Lield specifications. 


SELECTED DESTINATION REGISTER | 
20 | 


NO DESTINATION SELECTED 
ROM POINTER 

PROGRAM STATUS WORD 0 
PROGRAM STATUS WORD 1 

SVR (SHIFT VALUE REGISTER) 
STATUS REGISTER 

LOOP COUNTER 

TOP OF STACK 

L REGISTER (RAM 0 TO K REGISTER) 
K REGISTER (RAM 1 TO L REGISTER) 
EXPONENT PART OF TEMPORARY REG. 
TEMPORARY REGISTER 

EXTERNAL ADDRESS REGISTER 
SERIAL OUTPUT REGISTER 

DATA REGISTER 

DATA REGISTER FOR SLAVE 

WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
WORKING REGISTER 
RAM BLOCK 0 

RAM BLOCK l 

BASE POINTER 0 
BASE POINTER 1 
INDEX REGISTER 0 
INDEX REGISTER 1 
K REGISTER 


SHO Bm ODF © 


L REGISTER 


ee ae ene ee 


4.4 Data Load Instruction 


This is the Load Data Immediate (LDI) instruction that 
performs a direct load of immediate data to virtually any 
register in the ASP. This instruction can specify 24 bits of 
immediate data. The register in which the data will be loaded is 
specified in the DST field, as in the OP instruction. 

If the TRE register is specified in the DST field, the lower 
8 bits of the immediate data field are input to the upper 8 bits 
(exponent) of the TR. The lower 24 bits of the TR are not 
affected. 


Figure 4-4. LDI instruction format. 





31 29 28 ee ee ee ae eT eae ee ee ee ae eee” | Lee ee I 
JLDI 3| IM(24) |} DST(5) | 
| -t—+t— tat t— tata tata ta tate tetatete tate tetetetetetetetetet-t-t-t- | 


Table 4-8. Load immediate data instruction type field. 


[ TYPE | LD FIELD | INSTRUCTION _ | 


; eee: | CS 7 a eee ee eg ee Te Tee 
| LpI | dd ‘|.._LOAD IMMEDIATE DATA 7 | 


4.5 Branch Instruction 


The branch instruction type includes the unconditional jump, 
conditional jump, subroutine call, and return instructions. The 
target address of the jump (NAL field) is specified in 13 bits; 
the most significant bit determines whether the target is in 
internal or external instruction space. Figure 4-5 shows the 


configuration of the Branch Type Instruction. Table 4-9 shows 
that rae R FialA te alwavae FW1INTA 


ti iat we LLG dad de de Wwe ko Wh ae ed A do Wy ww enue UV dk 


Figure 4-5. Branch type instruction format. 








31 28 27 . 15 14 10 9 5 4 0 
| B(4) | NA (13) | C(5) | SRC(5) | DST(5) | 
| tate tate tata ta taetae tata tata tata tae taetaetatae tae tate tae tetat—-t-+-+-4+- | 


Table 4-9. Branch instruction type field. 


| TYPE [B FIELD | INSTRUCTION | 
| a a SN SY SRS 
| Be | | __ BRANCH _TYPE INSTRUCTION | 








* TAKES THE MNEMONIC OF THE C (CONDITION) FIELD 


All branch instructions are delayed jumps, due to the 
pipelined architecture of the ASP. This also applies to the 
local jump feature of the OP instruction, using the NAL field in 
the CNT field. 

The 5-bit C field of the branch instruction specifies 
unconditional jump, subroutine call, return instruction, and the 
condition of the conditional jump. The definitions of the 
various bit combinations in the C field are shown in Table 4.10. 

A data transfer operation may be included as part of a 
branch instruction, due to the fact that the SRC and DST fields 
are available for use in the branch instruction. 

Due to the pipelined architecture of the ASP, a branch 
instruction may not occur immediately following another branch 
instruction. In this case the results are undefined. 

Similarly, if a branch instruction specifies a branch to an 
external instruction address, the instruction immediately 
Following the one in which the branch is specified may not have 
an RW specification. This would cause a conflict between the RW 
Operation, which would be in the pipeline when the branch 
executes, and the instruction fetch from external instruction 
memory. 
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4.5.1 C Field 


condition of the conditional jump. 


The 5-bit C field of the branch instruction specifies 
unconditional jump, subroutine call, return instruction, and the 


The definitions of the 


various bit combinations in the C field are shown in Table 4-10. 





Branch instruction C field specifications. 





nee Gee Gast Oe eee Oe eee Gerem Gee eee CET Gewese Gee GEE ewe Gee GE Seem Gee CEs Gees Geers ene Geet wae ew aes = Gass === ove 
2 
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Table 4-10. 

| MNEMONIC | FIELD 
12,11 
| JMP | 00000 
| CALL | 00001 
| RET | 00010 
| JNZRP | 00011 
| JZ0 | 00100 
| JNZ0 | 00101 
| JIZ1 | 00110 
| JNZ1 | 00111 
| JCO | 01000 
| JNCO | 01001 
| Jcl | 01010 
| JNC1 | 01011 
| JS0 | 01100 
| JNSO | 01101 
| JSsl | 01110 
| JNS1 | 01111 
| JVO | 10000 
| JINVO | 10001 
| Jvl | 10010 
| JINV1 | 10011 
| JEVO | 10100 
| JEV1 | 10101 
| JNFSI | 10110 
| JNESO | 10111 
| JIPO | 11000 
| JIP1 | 11001 
| JNZIXO | 11010 
| JNZIX1 | 11011 
| JINZBPO | 11100 
| JNZBP1 | 11101 
| JRDY | 11110 
| JROM | he 


JUMP WITH CONDITION 


‘JUMP UNCONDITIONALLY 


SUBROUTINE CALL _ 
RETURN FROM INTRPT OR SUBROUTINE 


JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 
JUMP 


ROM POINTER NOT ZERO 
ZERO FLAG 0 IS SET 

ZERO FLAG O IS RESET 
ZERO FLAG 1 IS SET 

ZERO FLAG 1 IS RESET 
CARRY FLAG 0 IS SET 
CARRY FLAG 0 IS RESET 
CARRY FLAG 1 IS SET 
CARRY FLAG 1 IS RESET 
SIGN FLAG 0 IS SET 

SIGN FLAG 0 IS RESET 
SIGN FLAG 1 IS SET 

SIGN FLAG 1] IS RESET 
OVERFLOW FLAG 0 IS SET 
OVERFLOW FLAG 0 IS RESET 
OVERFLOW FLAG 1 IS SET 
OVERFLOW FLAG 1 IS RESET 
EXP. OVFL FLAG 0 IS SET 
EXP. OVFL FLAG 1 IS SET 
SI REGISTER IS NOT FULL 
SO REGISTER IS NOT EMPTY 
INPUT PORT 0 IS ON 

INPUT PORT 1 IS ON 

INDEX REGISTER 0 NONZERO 
INDEX REGISTER 1 NONZERO 
BASE POINTER Q NONZERO 
BASE POINTER 1 NONZERO 
READY IS ON 


REQUEST FOR MASTER IS ON 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


4.5.2 NA Field 


The 13-bit NA field specifies the target address of the 
jump; the most significant bit determines whether the target is 
in internal or external instruction space. Since the capacity of 
the internal instruction ROM is 2K words, the addresses that may 
be specified for an internal branch are 0 - 7FFH. For an 
external branch, the address range is 1000H - 1IFFFH. Because the 
PC does not provide counter operation of the most significant 
bit, movement between internal and external instruction Spaces 
must be done by use of a branch instruction. After hardware 
reset, the PC starts operation at location 0 of the internal 
instruction ROM. 


The instruction address space is shown below: 


0000H | [ 
, | 2K Internal Instruction ROM. | 
| | 

O7FFH | _— { 
0800H | | 
| Unavailable Space | 

| | 

OFFFH |_ __ | 
1000H | | 
| 4K Space Available For Use | 

| As Instruction Space In | 

| External Memory Space | 

| [ 

| 

i | 

1FFFH | | 
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APPENDIX A. INSTRUCTION PIPELINING 


| As indicated in Chapter 4, the result of an ALU operation 
is, in most cases, available in the designated working register 
two instruction cycles after the instruction was fetched. At 
first glance, this may appear to be a shortcoming. However, it 
is actually a characteristic of the uPD77230's highly efficient 
instruction pipelining scheme. 


Figure A-l shows the nature of pipelined instruction 
execution in the uPD77230. Conceptually, there exists three 
"pipelines:" an-instruction fetch pipeline, an instruction 
execution pipeline, and a results pipeline. Instructions are 
fetched in accordance with the sequence indicated by the program 
counter (PC). One instruction is fetched each instruction cycle. 
Likewise, one instruction is executed each instruction cycle. 
However, there is a one cycle delay between the fetch and 
the execution of a particular instruction, as well as a one cycle 
delay between the execution of an instruction and the 
availability of the result in a working register. This accounts 
for the two cycle “delay” mentioned in the ALU operations section 
in Chapter 4. 


Figure A-l. Pipelined nature of instruction execution. 


Instr. fetch 4 N N+1 N+2 


Instr. execution Yoon N+1 
/ 


Results 


A-1 


This “delay” is not a true delay in that the result of one 
instruction is available as an input for the next instruction. 
Figure A-2 shows the timing of the execution of a series of 
instructions. Instruction N generates a result which is required 
as an input for instruction N+l. In this case, the results from 
instruction N are not stored in a working register, but instead 
are routed directly. back to the input of the ALU for the next 
instruction. If instruction N+l were the last in the series of 
instructions, then the final result would be available ina 
working register two cycles later, as shown. 


Figure A-2. ALU operation timing for a series of instructions 
performing continuous accumulation. 


N+ 


RESULT 1 





Same WR is specified 


by Q Field 


Master clock 


Program counter (PC) 
‘Working cegister (WR) 


P register 
ALU output 


Internal system clock, §2 
Q register 


Internal system clock, $1 
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